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In this work we propose a parton state as a candidate state to describe the fractional quantum Hall
effect in the half-filled second Landau level. The wave function for this parton state is PLLLΦ31[Φ∗2]2 ∼
Ψ22/3/Φ1 and in the spherical geometry it occurs at the same flux as the anti-Pfaffian state. This
state has a good overlap with the anti-Pfaffian state and with the ground state obtained by exact
diagonalization, using the second Landau level Coulomb interaction pseudopotentials for an ordinary
semiconductor such as GaAs. By calculating the entanglement spectrum we show that this state lies
in the same phase as the anti-Pfaffian state. A major advantage of this parton state is that its wave
function can be evaluated for large systems, which makes it amenable to variational calculations.
In the appendix of this work we have numerically assessed the validity of another candidate state
at filling factor ν = 5/2, namely the particle-hole-symmetric Pfaffian (PH-Pfaffian) state. We find
that the proposed candidate wave function for the PH-Pfaffian state is particle-hole symmetric to
a high degree but it does not appear to arise as the ground state of any simple Hamiltonian with
two-body interactions.
PACS numbers: 73.43-f, 71.10.Pm
I. INTRODUCTION
Two dimensional electronic systems can exhibit a wide
variety of interesting and exotic quantum phases of mat-
ter. In particular, when a strong magnetic field is applied,
electron-electron interactions give rise to “fractionalized”
phases in which the fundamental excitations over the
ground state are characterized by quantum numbers that
differ from those of the constituent electrons. Notably,
quasiparticles and quasiholes in fractional quantum Hall
(FQH) systems have been shown to carry fractional val-
ues of the electron charge1–4, and are expected to obey
“anyonic” exchange or braiding statistics5–8. The ex-
citations at certain filling factors such as ν = 5/29–11
and ν = 12/512–16 have even been predicted to fea-
ture non-Abelian braiding statistics; such states have
been proposed as potential platforms for implementing
topologically-protected fault-tolerant quantum computa-
tion17,18, stimulating great interest in their theoretical
characterization and experimental realization.
From a theoretical point of view, the study of FQH
phases presents a number of challenges. While the prob-
lem can be considerably simplified by projecting the sin-
gle particle Hilbert space to the lowest Landau level
(LLL), the massive many-body degeneracy at fractional
filling renders the problem essentially non-perturbative.
Numerical “exact diagonalization” is useful, but even in
the restricted space of the LLL- can only be carried out
for rather small systems. Considerable insight can of-
ten be obtained through the construction of variational
“trial” wave functions. Prominent early examples in-
clude the Laughlin1 and Halperin19 states, which in-
corporate electron-electron correlations via simple pair-
wise Jastrow factors in their respective many-body wave
functions. The composite fermion paradigm20 provides
a remarkably successful systematic framework for con-
structing correlated ground and excited state trial wave
functions at fractional filling, built from integer quantum
Hall (IQH) states of electrons bound to an even number
of vortices. The parton construction first introduced by
Jain21, which we focus on below, generalizes the compos-
ite fermion approach to describe even more exotic states.
Importantly, whole new classes of states, at different
filling fractions from those found by the methods above,
can be obtained through the operation of particle-hole
conjugation: by taking a LLL many-body wave function
at filling fraction ν, a state at filling fraction 1 − ν (or
2−ν for non-spin-polarized states) is generated by replac-
ing filled states with empty ones, and vice-versa, in the
LLL Fock-space representation of the state. In the limit
of large magnetic field this is a relevant operation since
with extremely high probability only the LLL states are
occupied. Even when a given variational ansatz is easy to
evaluate, it is generically hard to construct the state re-
lated to it by particle-hole conjugation. This is so because
the operation of particle-hole conjugation requires know-
ing the exact expansion of the state in the full Hilbert
space. Thus we are motivated to seek simple-to-evaluate
variational wave functions for such “particle-hole conju-
gate states,” to facilitate their further investigation.
In this paper we focus primarily on filling factor ν =
5/2. We propose a parton wave function at this filling
factor, and show that it lies in the same phase as the so-
called anti-Pfaffian state22,23, which is the particle-hole
conjugate of the Pfaffian state10. Our parton state has a
good overlap with both the anti-Pfaffian state and with
the numerically-exact ground state obtained using the
Coulomb interaction pseudopotentials for the second LL
of ordinary semiconductors such as GaAs. Unlike the
ar
X
iv
:1
80
3.
10
42
7v
2 
 [c
on
d-
ma
t.s
tr-
el]
  1
8 J
ul 
20
18
2anti-Pfaffian state, the parton state can be easily evalu-
ated for very large systems, thus making it amenable to
variational calculations.
Below, in Sec. II, we first give some background on
parton states and then describe the ansatz of our candi-
date parton state at ν = 5/2. Then in Sec. III we de-
scribe some of the properties of this state; in particular
we show that it lies in the anti-Pfaffian phase. In Sec. IV
we demonstrate the utility of our construction by calcu-
lating the pair-correlation function and static structure
factor of this state for a large number of particles. We
further extend the parton construction to a larger family
of states. In Sec. V we discuss our results and provide an
outlook for the future.
II. PARTON ANSATZ
We now briefly introduce the parton construction of
FQH wave functions, and then present our candidate
wave function for the FQH state at ν = 5/2. In the
section that follows, we will analyze its properties.
A. Background
In the presence of a large magnetic field, interaction-
induced mixing between Landau levels can be ignored.
Relevant for this regime, the problem of interacting elec-
trons restricted to any given Landau level is mathemat-
ically equivalent to the problem of electrons confined to
the LLL, interacting via an effective “pseudopotential”24.
Throughout this work we shall therefore write down wave
functions of electrons confined to the LLL, and assume
the filled Landau levels below to be inert. Unless oth-
erwise stated we shall assume the electrons to be fully
spin polarized, and will ignore the effects of disorder and
finite quantum well width.
The parton construction21 provides a recipe for gener-
ating wave functions describing strongly correlated elec-
trons in the LLL. Consider a system of N electrons, with
two-dimensional coordinates described by the complex
numbers zj = xj − i yj , where j = 1 . . . N . The corre-
lated N -particle wave function Ψν({zi}) is built out of a
product of k (uncorrelated) N -particle Slater determinant
wave functions, Φnα({zi}), with α = 1 . . . k:
Ψν = PLLL
k∏
α=1
Φnα({zi}). (1)
Here PLLL projects the state to the LLL, and Φn({zi}) is
the wave function of N electrons exactly filling n Landau
levels. We allow n to take both positive and negative
integer values; for n < 0, we define Φn<0 = [Φ|n|]∗. Note
that k must be odd in order for Ψν({zi}) to be a valid
fermionic wave function, antisymmetric under exchange
of any two coordinates.
The filling factor of the k-parton state Ψν in Eq. (1)
depends on both k and {nα} and is given by25:
ν−1 =
k∑
α=1
n−1α . (2)
To produce the correct filling, each part Φnα must be
constructed at a magnetic field Bnα = Bνn
−1
α , where
B is the external magnetic field corresponding to filling
factor ν.
To connect with familiar examples, we first note that
the Laughlin wave function at ν = 1/m1 is an m-
parton state, involving m copies of Φ1({zi}) =
∏
i<j(zi−
zj)e
−∑k |zk|24m`2 :
ΨL1/m = e
−∑k |zk|24`2 ∏
i<j
(zi − zj)m =
m∏
α=1
Φ1({zi}), (3)
where ` =
√
~c/(eB) is the magnetic length. Below,
we will follow the standard convention of omitting the
ubiquitous Gaussian factors e−
1
4`2
∑
k |zk|2 . Composite
fermion states20,25 are also parton states: the compos-
ite fermion wave function at ν = n/(2pn ± 1) (where n
and p are positive integers), ΨCFn/(2pn±1), is given by:
ΨCFn/(2pn±1) = PLLLΦ2p1 Φ±n. (4)
This is a (2p + 1)-parton state in which 2p partons are
placed in ν = 1 IQH states, and a single parton forms an
IQH state at ν = n26.
The Laughlin and composite fermion states describe
fractionalized phases in which the elementary excitations
exhibit Abelian braiding statistics. Intriguingly, more
general parton wave functions may describe non-Abelian
phases. In particular, a parton wave function of the form:
Ψν = Φ
a
1 [Φ±n]
b, (5)
with n > 1, a ≥ 0, and b > 1, describes a non-Abelian
state27–29. (Note that k = a + b must be odd to en-
sure antisymmetry of the wave function, see above.) An
example of such a state is the Jain 221 state7,21,30,31:
Ψ2211/2 = PLLLΦ2Φ2Φ1. (6)
Recently, it has been proposed that this non-Abelian
state may be realized in multi-layer graphene for a suit-
able set of parameters31.
B. The 2¯2¯111 ansatz
With the background in place, we now propose the fol-
lowing “2¯2¯111” parton state as a candidate ground state
wave function at ν = 5/2:
Ψ2¯2¯1111/2 = PLLL[Φ2]∗[Φ2]∗Φ1Φ1Φ1. (7)
3Comparing to the general form given in Eq. (5), the 2¯2¯111
state has a = 3, n = 2 (with the − sign), and b = 2,
and therefore characterizes a non-Abelian phase. Using
Eq. (2) it is easy to check that the state corresponds to
a half-filled Landau level ν = 1/2.
The 2¯2¯111 wave function in Eq. (7) can be written in an
alternative form, which is convenient for further manip-
ulation. Returning to Eq. (4), note that the composite
fermion wave function describing the state at ν = 2/3
takes the form: ΨCF2/3 = PLLL[Φ2]∗Φ1Φ132. Using this
form, we write:
Ψ2¯2¯1111/2 ∼
[ΨCF2/3]
2
Φ1
. (8)
In Eq. (8) we use ∼ because the right hand side of Eq. (8)
differs slightly from the definition in Eq. (7) in the de-
tails of its projection to the LLL. We expect the details of
projection to have only a minor effect on the properties
of the state (see, e.g., Ref. 33). Note that it is possi-
ble to evaluate the wave function given in Eq. (8) for
large systems using the Jain-Kamilla projection34–36 for
the 2/3 state. Therefore throughout this work we shall
take Ψ2¯2¯1111/2 = [Ψ
CF
2/3]
2/Φ1. The state written in this form
manifestly resides in the LLL and satisfies fermionic an-
tisymmetry since ΨCF2/3 contains a factor of Φ1 in it. In
the next paragraph we take a slight detour to discuss
the spherical geometry, which will enable us to calculate
many of the properties of our parton state.
C. Spherical geometry
In the spherical geometry, N electrons move on the
surface of a sphere of radius R =
√
Q`, in the presence
of a radial magnetic field generated by a monopole of
strength 2Qhc/e located at the center of the sphere24.
Due to the rotational symmetry of the system, the total
orbital angular momentum L and its z-component Lz
are good quantum numbers in this geometry. Uniform
incompressible FQH states on the sphere have L = 0 and
occur at 2Q = ν−1N−S, where ν is the filling factor and
S is a topological number called the shift37. The state
with n filled Landau levels occurs at 2Q = (N − n2)/n
and thus has a shift of S = n. Throughout this work we
consider only uniform states, i.e., states with L = Lz = 0.
States with L > 0 (with L scaling as N) are gapless in
the thermodynamic limit. Hence we use L = 0 as a
diagnostic to test if a state is compatible with remaining
gapped in the thermodynamic limit (see Appendix A).
The wave functions defined on the two-dimensional
plane can be translated into the spherical geometry by
stereographic projection. For all the wave functions
considered in this work this can be accomplished via
the transformation zi − zj → uivj − ujvi, where ui =
cos(θi/2)e
iφi/2 and vi = sin(θi/2)e
−iφi/2 are the spinor
coordinates on the sphere. Here θi and φi are the polar
and azimuthal angles locating particle i, respectively.
N 2Q |〈Ψ1LL1/2 |ΨaPf1/2〉| |〈Ψ2¯2¯1111/2 |ΨaPf1/2〉| |〈Ψ1LL1/2 |Ψ2¯2¯1111/2 〉|
4 9 0.8162 0.9639 0.9406
6 13 0.8674 0.9686 0.9385
8 17 0.8376 0.9523 0.9327
10 21 0.8194 0.9397 0.8975
TABLE I. Overlaps of the ground state at the anti-Pfaffian
flux in the n = 1 Landau level (obtained by exact diagonaliza-
tion), Ψ1LL1/2 , with the anti-Pfaffian, Ψ
aPf
1/2, and Ψ
2¯2¯111
1/2 parton
states. The numbers for |〈Ψ1LL1/2 |ΨaPf1/2〉| were previously given
in Refs. 38–40.
In order to calculate overlaps of the parton state Ψ2¯2¯1111/2
with other candidate states, as well as its entangle-
ment spectrum, it is useful to find its decomposition in
the full Hilbert space of LLL Slater determinant states
with Lz = 0. To do so, we express the wave func-
tion as a linear combination of L = 0 eigenstates as:
|Ψ2¯2¯111〉 =
∑
i ci|ψL=0i 〉, where each |ψL=0i 〉 has a known
expansion in the full Hilbert space of Slater determinant
states, {|ψLz=0i 〉}. (Such a basis can be obtained by di-
agonalizing the L2 operator or any spherically symmet-
ric interaction in the full Hilbert space.) To obtain the
coefficients ci we evaluate the wave function for many N -
particle configurations on the sphere, and obtain a set of
linear equations which we then invert to obtain ci. This
method works when the number of L = 0 states is not
very large, since for very large systems it is hard to find
a set of well-conditioned linearly independent equations.
Alternately one can use the method of Ref. 33 to obtain
ci using the Monte Carlo method by calculating overlaps
with all LLL states. In this work we shall use the for-
mer method to evaluate the decomposition of Ψ2¯2¯111 in
the full Hilbert space for up to N = 10 electrons, which
suffices for our purposes.
III. PROPERTIES OF Ψ2¯2¯1111/2
We now analyze the properties of the 2¯2¯111 state, and
compare with other known candidates for the ground
state at ν = 5/2. We begin by briefly summarizing
the properties of the Pfaffian and anti-Pfaffian reference
states, and then show that the 2¯2¯111 state is in the same
phase as the anti-Pfaffian.
The Moore-Read Pfaffian (Pf) state is described by the
wave function10:
ΨPf1/2 = Pf
(
1
zi − zj
)∏
i<j
(zi − zj)2, (9)
where Pf is the Pfaffian of a skew-symmetric matrix41.
The state ΨPf1/2 represents a topologically non-trivial p-
wave paired condensate of fully spin polarized compos-
ite fermions8. Important characteristics of the Pfaffian
state are that in the spherical geometry it occurs at a
shift of S = 3, it carries a thermal Hall conductance of
40
5
10
15
20
10 15 20 25 30 35 40 45
LAz
⇠
0
5
10
15
20
LAz
⇠
444036322824
0
5
10
15
20
LAz
⇠
15 20 25 30 35 40 45
0
5
10
15
20
LAz
⇠
36322824
 2¯2¯1111/2
5
<latexit sha1_base64="rwykg1sXP 6rr+scsQ3mXfq/Lh7Q=">AAADDHicbVJNa9RAGH43frSuVls9ehkMgoeyZLa I3loVQRChBbctJKG8mZ3dDp2ZhJlJZQk5ehI86Q8RvIlX/4O/wbN3J8lC3Y8 Xknl43ueZ94PJCimsi6LfveDa9Rs3NzZv9W/f2bp7b3vn/rHNS8P4iOUyN6c ZWi6F5iMnnOSnheGoMslPsotXTf7kkhsrcv3ezQqeKpxqMREMnaeOnp5th9E gaoOsAjoH4f63Px8JABye7fT+JuOclYprxyRaG9OocGmFxgkmed1PSssLZBc 45bGHGhW3adV2WpPHnhmTSW78px1p2f8dFSprZyrzSoXu3C7nGnJdLi7d5Hl aCV2UjmvWFZqUkricNGOTsTCcOTnzAJkRvlfCztEgc345/UTzDyxXCvW4St5 yV8c0rRK/N0dISEliUE/9bFsLupcGO51ss62wsSzJ3qF7Let4b1VIwuH83Ft f4YUq6nh4ZUx2vdf/Wpc//QUNt96sCjRdfwrN1G8GTZX4BUpJEuFr0nq52uV 0YZ6mz6u7/UOhy89iFRwPBzQa0CMaHuxCF5vwEB7BE6DwDA7gDRzCCBhw+AR f4GvwOfge/Ah+dtKgN/c8gIUIfv0DjLf4Xw==</latexit><latexit sha1_base64="m62pTBf5O lczbIjrbzAmZ4ZuIWc=">AAADDHicbVJNi9QwGM7Ur3V03V09ChIsgodlaGY RvbkqgiDCDji7C01Z3mYy3bBJWpJ0ZSg9ehI86Q8RPAji1f/gb9Crd9N2YJ2 PF9o8PO/z5P0gaSGFdVH0qxdcunzl6rWN6/0bNzdvbW3v3D60eWkYH7Nc5uY 4Bcul0HzshJP8uDAcVCr5UXr2oskfnXNjRa7fulnBEwWZFlPBwHlq9OhkO4w GURt4FZA5CJ9++f3+3rfRn4OTnd5fOslZqbh2TIK1MYkKl1RgnGCS131aWl4 AO4OMxx5qUNwmVdtpjR94ZoKnufGfdrhl/3dUoKydqdQrFbhTu5xryHW5uHT TJ0kldFE6rllXaFpK7HLcjI0nwnDm5MwDYEb4XjE7BQPM+eX0qebvWK4U6El FX3NXxySpqN+bwzgkmBrQmZ9tc0H33ECnk222FTaWJdkbcC9lHe+tCnE4nJ9 76ys8U0UdDy+MdNd7/a91+dNf0HDrzaoA0/WnwGR+M2Aq6hcoJabC1yT1crX zbGGeps+Lu/1DIcvPYhUcDgckGpARCfd3URcb6C66jx4igh6jffQKHaAxYoi jD+gT+hx8DL4G34MfnTTozT130EIEP/8BYJj6Ug==</latexit><latexit sha1_base64="m62pTBf5O lczbIjrbzAmZ4ZuIWc=">AAADDHicbVJNi9QwGM7Ur3V03V09ChIsgodlaGY RvbkqgiDCDji7C01Z3mYy3bBJWpJ0ZSg9ehI86Q8RPAji1f/gb9Crd9N2YJ2 PF9o8PO/z5P0gaSGFdVH0qxdcunzl6rWN6/0bNzdvbW3v3D60eWkYH7Nc5uY 4Bcul0HzshJP8uDAcVCr5UXr2oskfnXNjRa7fulnBEwWZFlPBwHlq9OhkO4w GURt4FZA5CJ9++f3+3rfRn4OTnd5fOslZqbh2TIK1MYkKl1RgnGCS131aWl4 AO4OMxx5qUNwmVdtpjR94ZoKnufGfdrhl/3dUoKydqdQrFbhTu5xryHW5uHT TJ0kldFE6rllXaFpK7HLcjI0nwnDm5MwDYEb4XjE7BQPM+eX0qebvWK4U6El FX3NXxySpqN+bwzgkmBrQmZ9tc0H33ECnk222FTaWJdkbcC9lHe+tCnE4nJ9 76ys8U0UdDy+MdNd7/a91+dNf0HDrzaoA0/WnwGR+M2Aq6hcoJabC1yT1crX zbGGeps+Lu/1DIcvPYhUcDgckGpARCfd3URcb6C66jx4igh6jffQKHaAxYoi jD+gT+hx8DL4G34MfnTTozT130EIEP/8BYJj6Ug==</latexit><latexit sha1_base64="XpfTCUE4o W6a/9TiCn1eE1OmckU=">AAADDHicbVLdahQxFM6OP62r1VYvvQkOghdlmWw RvayKIIjQgtsWZoZyJpudhiaZIcm0LMM8geCVvol34q3v4IN475nZgbo/B5J 8nPN9OT+crFTS+Sj6Mwhu3b5zd2v73vD+g52Hj3b3Hp+4orJcTHihCnuWgRN KGjHx0itxVloBOlPiNLt818ZPr4R1sjCf/bwUqYbcyJnk4NF1/PJ8N4xGUWd 0HbAehKS3o/O9wd9kWvBKC+O5AudiFpU+rcF6yZVohknlRAn8EnIRIzSghUv rrtKGPkfPlM4Ki8d42nn/V9SgnZvrDJka/IVbjbXOTbG48rPXaS1NWXlh+CL RrFLUF7Rtm06lFdyrOQLgVmKtlF+ABe5xOMPEiGteaA1mWicfhW9iltYJzs1 TGjKaWDA59razxHtrYcFTXbQjtpIV2ifw71UTH6wTaTju34PNGd7osonHN8J kH7V4dSp88YPWt1msS7CL+jTYHCcDtk5wgErRRGJO1qxmu8qX+mnrvPkbF4W trsU6OBmPWDRixyw83O9XZps8Jc/IC8LIK3JIPpAjMiGcCPKFfCPfg6/Bj+B n8GtBDQa95glZsuD3P1Dz9d8=</latexit>
1
<latexit sha1_base64="Q8zXfU7jn JW/eLbKxPamXw0S2Qw=">AAADDHicbVJNa9RAGH43ftXVaqtHL4NB8FCWzPZ Qb7aKIIjQgtsWklDezM5uh85MwsykZQk5ehI86Q8RvIlX/4O/wbN3J8lC3Y8 Xknl43ueZ94PJCimsi6LfveDGzVu372zc7d+7v/ng4db2o2Obl4bxEctlbk4 ztFwKzUdOOMlPC8NRZZKfZBevm/zJJTdW5PqDmxU8VTjVYiIYOk8d0bOtMBp EbZBVQOcgfPntz0cCAIdn272/yThnpeLaMYnWxjQqXFqhcYJJXveT0vIC2QV OeeyhRsVtWrWd1uSZZ8Zkkhv/aUda9n9Hhcramcq8UqE7t8u5hlyXi0s3eZF WQhel45p1hSalJC4nzdhkLAxnTs48QGaE75WwczTInF9OP9H8iuVKoR5XyTv u6pimVeL35ggJKUkM6qmfbXNB98pgp5NtthU2liXZe3RvZB3vrgpJOJyfu+s rHKiijofXxmTHe/2vdfnTX9Bw682qQNP1p9BM/WbQVIlfoJQkEb4mrZerXU4 X5mn6vL7bPxS6/CxWwfFwQKMBPaLh/g50sQFP4Ck8Bwp7sA9v4RBGwIDDJ/g CX4PPwffgR/Czkwa9uecxLETw6x+CF/hb</latexit><latexit sha1_base64="BhBhb73YM K1GMca3p5hr0iMWhfQ=">AAADCHicbVJNaxQxGM6OH62r1darIMFB8FCWyfZ gb62KIIjQgtsWJkN5J5udhiaZIcm0LMMcPRV60h8ieBC8+if8DXr1bmZmoe7 HCzN5eN7nyftB0kIK66LoVy+4dfvO3bX1e/37DzYePtrsbx3ZvDSMj1guc3O SguVSaD5ywkl+UhgOKpX8OD1/0+SPL7ixItcf3bTgiYJMi4lg4Dx1SE43w2g QtYGXAZmBcO/r709Pvx/+OTjd6v2l45yVimvHJFgbk6hwSQXGCSZ53ael5QW wc8h47KEGxW1StZ3W+LlnxniSG/9ph1v2f0cFytqpSr1SgTuzi7mGXJWLSzf ZTSqhi9JxzbpCk1Jil+NmbDwWhjMnpx4AM8L3itkZGGDOL6dPNb9kuVKgxxV 9z10dk6Sifm8O45BgakBnfraNOd1rA51OttlW2FgWZB/AvZV1vLMsxOFwdu6 srvBKFXU8vDHSbe/1v9blT39Bw602qwJM158Ck/nNgKmoX6CUmApfk9SL1S6 yuXmaPm/u9g+FLD6LZXA0HJBoQML9bdTFOnqCnqEXiKCXaB+9QwdohBji6Ap 9Rl+C6+Bb8KMTBr2Z4zGai+DnPyoE+QI=</latexit><latexit sha1_base64="BhBhb73YM K1GMca3p5hr0iMWhfQ=">AAADCHicbVJNaxQxGM6OH62r1darIMFB8FCWyfZ gb62KIIjQgtsWJkN5J5udhiaZIcm0LMMcPRV60h8ieBC8+if8DXr1bmZmoe7 HCzN5eN7nyftB0kIK66LoVy+4dfvO3bX1e/37DzYePtrsbx3ZvDSMj1guc3O SguVSaD5ywkl+UhgOKpX8OD1/0+SPL7ixItcf3bTgiYJMi4lg4Dx1SE43w2g QtYGXAZmBcO/r709Pvx/+OTjd6v2l45yVimvHJFgbk6hwSQXGCSZ53ael5QW wc8h47KEGxW1StZ3W+LlnxniSG/9ph1v2f0cFytqpSr1SgTuzi7mGXJWLSzf ZTSqhi9JxzbpCk1Jil+NmbDwWhjMnpx4AM8L3itkZGGDOL6dPNb9kuVKgxxV 9z10dk6Sifm8O45BgakBnfraNOd1rA51OttlW2FgWZB/AvZV1vLMsxOFwdu6 srvBKFXU8vDHSbe/1v9blT39Bw602qwJM158Ck/nNgKmoX6CUmApfk9SL1S6 yuXmaPm/u9g+FLD6LZXA0HJBoQML9bdTFOnqCnqEXiKCXaB+9QwdohBji6Ap 9Rl+C6+Bb8KMTBr2Z4zGai+DnPyoE+QI=</latexit><latexit sha1_base64="NvA7WOH0F 7XCEBNuvaZH8Krf+I4=">AAADCHicbVLNatwwENa6aZtumybptRdRE+ghLNb m0B6TlkKhFFLoJgHbhLF21hGRZCPJKYvxExR6at+kt177EnmQ3Ct7Den+DEj 6mPk+zQ+TlVJYF0W3g+DB1sNHj7efDJ8+23m+uzfcP7NFZThOeCELc5GBRSk 0TpxwEi9Kg6AyiefZ9fs2fn6DxopCf3XzElMFuRYzwcF51xd2uRdGo6gzug5 YD0LS2+nl/uAumRa8Uqgdl2BtzKLSpTUYJ7jEZphUFkvg15Bj7KEGhTatu0o beuA9UzorjD/a0c77v6IGZe1cZZ6pwF3Z1Vjr3BSLKzd7m9ZCl5VDzReJZpW krqBt23QqDHIn5x4AN8LXSvkVGODOD2eYaPzGC6VAT+vkE7omZmmd+Lk5SkN GEwM6973tLPHeGVjwZBftiK1khfYZ3AfZxEfrRBqO+/doc4YTVTbx+F6YHHq tvzqVf/0HrW+zWJVgFvUpMLmfDJg68QOUkibC52TNarabfKmfts77v/2isNW 1WAdn4xGLRiw8PuwXZpu8JK/Ia8LIG3JMPpJTMiGcIPlOfpJfwY/gd/BnQQw GveIFWbLg7z8sK/SP</latexit>
1
<latexit sha1_base64="Q8zXfU7jn JW/eLbKxPamXw0S2Qw=">AAADDHicbVJNa9RAGH43ftXVaqtHL4NB8FCWzPZ Qb7aKIIjQgtsWklDezM5uh85MwsykZQk5ehI86Q8RvIlX/4O/wbN3J8lC3Y8 Xknl43ueZ94PJCimsi6LfveDGzVu372zc7d+7v/ng4db2o2Obl4bxEctlbk4 ztFwKzUdOOMlPC8NRZZKfZBevm/zJJTdW5PqDmxU8VTjVYiIYOk8d0bOtMBp EbZBVQOcgfPntz0cCAIdn272/yThnpeLaMYnWxjQqXFqhcYJJXveT0vIC2QV OeeyhRsVtWrWd1uSZZ8Zkkhv/aUda9n9Hhcramcq8UqE7t8u5hlyXi0s3eZF WQhel45p1hSalJC4nzdhkLAxnTs48QGaE75WwczTInF9OP9H8iuVKoR5XyTv u6pimVeL35ggJKUkM6qmfbXNB98pgp5NtthU2liXZe3RvZB3vrgpJOJyfu+s rHKiijofXxmTHe/2vdfnTX9Bw682qQNP1p9BM/WbQVIlfoJQkEb4mrZerXU4 X5mn6vL7bPxS6/CxWwfFwQKMBPaLh/g50sQFP4Ck8Bwp7sA9v4RBGwIDDJ/g CX4PPwffgR/Czkwa9uecxLETw6x+CF/hb</latexit><latexit sha1_base64="BhBhb73YM K1GMca3p5hr0iMWhfQ=">AAADCHicbVJNaxQxGM6OH62r1darIMFB8FCWyfZ gb62KIIjQgtsWJkN5J5udhiaZIcm0LMMcPRV60h8ieBC8+if8DXr1bmZmoe7 HCzN5eN7nyftB0kIK66LoVy+4dfvO3bX1e/37DzYePtrsbx3ZvDSMj1guc3O SguVSaD5ywkl+UhgOKpX8OD1/0+SPL7ixItcf3bTgiYJMi4lg4Dx1SE43w2g QtYGXAZmBcO/r709Pvx/+OTjd6v2l45yVimvHJFgbk6hwSQXGCSZ53ael5QW wc8h47KEGxW1StZ3W+LlnxniSG/9ph1v2f0cFytqpSr1SgTuzi7mGXJWLSzf ZTSqhi9JxzbpCk1Jil+NmbDwWhjMnpx4AM8L3itkZGGDOL6dPNb9kuVKgxxV 9z10dk6Sifm8O45BgakBnfraNOd1rA51OttlW2FgWZB/AvZV1vLMsxOFwdu6 srvBKFXU8vDHSbe/1v9blT39Bw602qwJM158Ck/nNgKmoX6CUmApfk9SL1S6 yuXmaPm/u9g+FLD6LZXA0HJBoQML9bdTFOnqCnqEXiKCXaB+9QwdohBji6Ap 9Rl+C6+Bb8KMTBr2Z4zGai+DnPyoE+QI=</latexit><latexit sha1_base64="BhBhb73YM K1GMca3p5hr0iMWhfQ=">AAADCHicbVJNaxQxGM6OH62r1darIMFB8FCWyfZ gb62KIIjQgtsWJkN5J5udhiaZIcm0LMMcPRV60h8ieBC8+if8DXr1bmZmoe7 HCzN5eN7nyftB0kIK66LoVy+4dfvO3bX1e/37DzYePtrsbx3ZvDSMj1guc3O SguVSaD5ywkl+UhgOKpX8OD1/0+SPL7ixItcf3bTgiYJMi4lg4Dx1SE43w2g QtYGXAZmBcO/r709Pvx/+OTjd6v2l45yVimvHJFgbk6hwSQXGCSZ53ael5QW wc8h47KEGxW1StZ3W+LlnxniSG/9ph1v2f0cFytqpSr1SgTuzi7mGXJWLSzf ZTSqhi9JxzbpCk1Jil+NmbDwWhjMnpx4AM8L3itkZGGDOL6dPNb9kuVKgxxV 9z10dk6Sifm8O45BgakBnfraNOd1rA51OttlW2FgWZB/AvZV1vLMsxOFwdu6 srvBKFXU8vDHSbe/1v9blT39Bw602qwJM158Ck/nNgKmoX6CUmApfk9SL1S6 yuXmaPm/u9g+FLD6LZXA0HJBoQML9bdTFOnqCnqEXiKCXaB+9QwdohBji6Ap 9Rl+C6+Bb8KMTBr2Z4zGai+DnPyoE+QI=</latexit><latexit sha1_base64="NvA7WOH0F 7XCEBNuvaZH8Krf+I4=">AAADCHicbVLNatwwENa6aZtumybptRdRE+ghLNb m0B6TlkKhFFLoJgHbhLF21hGRZCPJKYvxExR6at+kt177EnmQ3Ct7Den+DEj 6mPk+zQ+TlVJYF0W3g+DB1sNHj7efDJ8+23m+uzfcP7NFZThOeCELc5GBRSk 0TpxwEi9Kg6AyiefZ9fs2fn6DxopCf3XzElMFuRYzwcF51xd2uRdGo6gzug5 YD0LS2+nl/uAumRa8Uqgdl2BtzKLSpTUYJ7jEZphUFkvg15Bj7KEGhTatu0o beuA9UzorjD/a0c77v6IGZe1cZZ6pwF3Z1Vjr3BSLKzd7m9ZCl5VDzReJZpW krqBt23QqDHIn5x4AN8LXSvkVGODOD2eYaPzGC6VAT+vkE7omZmmd+Lk5SkN GEwM6973tLPHeGVjwZBftiK1khfYZ3AfZxEfrRBqO+/doc4YTVTbx+F6YHHq tvzqVf/0HrW+zWJVgFvUpMLmfDJg68QOUkibC52TNarabfKmfts77v/2isNW 1WAdn4xGLRiw8PuwXZpu8JK/Ia8LIG3JMPpJTMiGcIPlOfpJfwY/gd/BnQQw GveIFWbLg7z8sK/SP</latexit>
3
<latexit sha1_base64="L319ec3Mb Pwj2p1COKyDcsJRDik=">AAADDHicbVJNa9RAGH43ftXVaqtHL4NB8FCWzO6 h3qyKIIjQgtsWklDezM5uh85MwsyksoQcPQme9IcI3sSr/8Hf4Nm7k2Sh7sc LyTw87/PM+8FkhRTWRdHvXnDt+o2bt7Zu9+/c3b53f2f3wbHNS8P4mOUyN6c ZWi6F5mMnnOSnheGoMslPsotXTf7kkhsrcv3ezQueKpxpMRUMnaeORmc7YTS I2iDrgC5A+Pzbn48EAA7Pdnt/k0nOSsW1YxKtjWlUuLRC4wSTvO4npeUFsgu c8dhDjYrbtGo7rckTz0zINDf+04607P+OCpW1c5V5pUJ3bldzDbkpF5du+iy thC5KxzXrCk1LSVxOmrHJRBjOnJx7gMwI3yth52iQOb+cfqL5B5YrhXpSJW+ 5q2OaVonfmyMkpCQxqGd+tu0l3UuDnU622VbYWFZk79C9lnU8WheScLg4R5s rvFBFHQ+vjMme9/pf6/Knv6DhNptVgabrT6GZ+c2gqRK/QClJInxNWq9Wu5w tzdP0eXW3fyh09Vmsg+PhgEYDekTDgz3oYgsewWN4ChT24QDewCGMgQGHT/A Fvgafg+/Bj+BnJw16C89DWIrg1z+HZ/hd</latexit><latexit sha1_base64="++trUK1vT Jx3iN3xRv3lYLm1lFU=">AAADDHicbVJNi9QwGM7Ur3V0dVePggSL4GEZmpm D3lwVQRBhB5zdhaYsbzOZbtgkLUm6MpQePQme9IcIHgTx6n/wN+jVu2k7sM7 HC20envd58n6QtJDCuij61QsuXb5y9drW9f6Nm9u3bu/s3jm0eWkYn7Bc5uY 4Bcul0HzihJP8uDAcVCr5UXr2oskfnXNjRa7funnBEwWZFjPBwHlqPDrZCaN B1AZeB2QBwqdffr+//2385+Bkt/eXTnNWKq4dk2BtTKLCJRUYJ5jkdZ+Wlhf AziDjsYcaFLdJ1XZa44eemeJZbvynHW7Z/x0VKGvnKvVKBe7UruYaclMuLt3 sSVIJXZSOa9YVmpUSuxw3Y+OpMJw5OfcAmBG+V8xOwQBzfjl9qvk7lisFelr R19zVMUkq6vfmMA4JpgZ05mfbXtI9N9DpZJtthY1lRfYG3EtZx6N1IQ6Hi3O 0ucIzVdTx8MJI97zX/1qXP/0FDbfZrAowXX8KTOY3A6aifoFSYip8TVKvVjv PluZp+ry42z8Usvos1sHhcECiARmTcH8PdbGF7qEH6BEi6DHaR6/QAZoghjj 6gD6hz8HH4GvwPfjRSYPewnMXLUXw8x9bSPpQ</latexit><latexit sha1_base64="++trUK1vT Jx3iN3xRv3lYLm1lFU=">AAADDHicbVJNi9QwGM7Ur3V0dVePggSL4GEZmpm D3lwVQRBhB5zdhaYsbzOZbtgkLUm6MpQePQme9IcIHgTx6n/wN+jVu2k7sM7 HC20envd58n6QtJDCuij61QsuXb5y9drW9f6Nm9u3bu/s3jm0eWkYn7Bc5uY 4Bcul0HzihJP8uDAcVCr5UXr2oskfnXNjRa7funnBEwWZFjPBwHlqPDrZCaN B1AZeB2QBwqdffr+//2385+Bkt/eXTnNWKq4dk2BtTKLCJRUYJ5jkdZ+Wlhf AziDjsYcaFLdJ1XZa44eemeJZbvynHW7Z/x0VKGvnKvVKBe7UruYaclMuLt3 sSVIJXZSOa9YVmpUSuxw3Y+OpMJw5OfcAmBG+V8xOwQBzfjl9qvk7lisFelr R19zVMUkq6vfmMA4JpgZ05mfbXtI9N9DpZJtthY1lRfYG3EtZx6N1IQ6Hi3O 0ucIzVdTx8MJI97zX/1qXP/0FDbfZrAowXX8KTOY3A6aifoFSYip8TVKvVjv PluZp+ry42z8Usvos1sHhcECiARmTcH8PdbGF7qEH6BEi6DHaR6/QAZoghjj 6gD6hz8HH4GvwPfjRSYPewnMXLUXw8x9bSPpQ</latexit><latexit sha1_base64="bUaYlZX7F FR3n85Cv9n8Tx+JYd0=">AAADDHicbVLNahRBEO4d/+JqNNGjl8ZB8BCW6d1 DPEZFEERIwE0CM0Oo6e2dNOnuGbp7IsswTyB40jfxJl59Bx/EuzWzA3F/Crr 7o+r7un6orFTS+Sj6Mwhu3b5z997O/eGDh7uPHu/tPzl1RWW5mPJCFfY8Aye UNGLqpVfivLQCdKbEWXb1to2fXQvrZGE++UUpUg25kXPJwaPrZHKxF0ajqDO 6CVgPQtLb8cX+4G8yK3ilhfFcgXMxi0qf1mC95Eo0w6RyogR+BbmIERrQwqV 1V2lDX6BnRueFxWM87bz/K2rQzi10hkwN/tKtx1rntlhc+fmrtJamrLwwfJl oXinqC9q2TWfSCu7VAgFwK7FWyi/BAvc4nGFixGdeaA1mVicfhG9iltYJzs1 TGjKaWDA59ra7wntjYclTXbQjtpI12kfw71QTTzaJNBz372R7hte6bOLxjTA 5QC1enQpf/KD1bRfrEuyyPg02x8mArRMcoFI0kZiTNevZrvOVfto6b/7GRWH ra7EJTscjFo3YCQuPDvqV2SHPyHPykjBySI7Ie3JMpoQTQb6Qb+R78DX4Efw Mfi2pwaDXPCUrFvz+B0uj9d0=</latexit>
 aPf1/2
5
<latexit sha1_base64="rwykg1sXP6rr+scsQ3mXfq/Lh7Q=">AAADDHicb VJNa9RAGH43frSuVls9ehkMgoeyZLaI3loVQRChBbctJKG8mZ3dDp2ZhJlJZQk5ehI86Q8RvIlX/4O/wbN3J8lC3Y8Xknl43ueZ94PJCimsi6LfveDa9Rs3N zZv9W/f2bp7b3vn/rHNS8P4iOUyN6cZWi6F5iMnnOSnheGoMslPsotXTf7kkhsrcv3ezQqeKpxqMREMnaeOnp5th9EgaoOsAjoH4f63Px8JABye7fT+JuOcl YprxyRaG9OocGmFxgkmed1PSssLZBc45bGHGhW3adV2WpPHnhmTSW78px1p2f8dFSprZyrzSoXu3C7nGnJdLi7d5HlaCV2UjmvWFZqUkricNGOTsTCcOTnzA JkRvlfCztEgc345/UTzDyxXCvW4St5yV8c0rRK/N0dISEliUE/9bFsLupcGO51ss62wsSzJ3qF7Let4b1VIwuH83Ftf4YUq6nh4ZUx2vdf/Wpc//QUNt96sC jRdfwrN1G8GTZX4BUpJEuFr0nq52uV0YZ6mz6u7/UOhy89iFRwPBzQa0CMaHuxCF5vwEB7BE6DwDA7gDRzCCBhw+ARf4GvwOfge/Ah+dtKgN/c8gIUIfv0Dj Lf4Xw==</latexit><latexit sha1_base64="m62pTBf5OlczbIjrbzAmZ4ZuIWc=">AAADDHicb VJNi9QwGM7Ur3V03V09ChIsgodlaGYRvbkqgiDCDji7C01Z3mYy3bBJWpJ0ZSg9ehI86Q8RPAji1f/gb9Crd9N2YJ2PF9o8PO/z5P0gaSGFdVH0qxdcunzl6 rWN6/0bNzdvbW3v3D60eWkYH7Nc5uY4Bcul0HzshJP8uDAcVCr5UXr2oskfnXNjRa7fulnBEwWZFlPBwHlq9OhkO4wGURt4FZA5CJ9++f3+3rfRn4OTnd5fO slZqbh2TIK1MYkKl1RgnGCS131aWl4AO4OMxx5qUNwmVdtpjR94ZoKnufGfdrhl/3dUoKydqdQrFbhTu5xryHW5uHTTJ0kldFE6rllXaFpK7HLcjI0nwnDm5 MwDYEb4XjE7BQPM+eX0qebvWK4U6ElFX3NXxySpqN+bwzgkmBrQmZ9tc0H33ECnk222FTaWJdkbcC9lHe+tCnE4nJ976ys8U0UdDy+MdNd7/a91+dNf0HDrz aoA0/WnwGR+M2Aq6hcoJabC1yT1crXzbGGeps+Lu/1DIcvPYhUcDgckGpARCfd3URcb6C66jx4igh6jffQKHaAxYoijD+gT+hx8DL4G34MfnTTozT130EIEP /8BYJj6Ug==</latexit><latexit sha1_base64="m62pTBf5OlczbIjrbzAmZ4ZuIWc=">AAADDHicb VJNi9QwGM7Ur3V03V09ChIsgodlaGYRvbkqgiDCDji7C01Z3mYy3bBJWpJ0ZSg9ehI86Q8RPAji1f/gb9Crd9N2YJ2PF9o8PO/z5P0gaSGFdVH0qxdcunzl6 rWN6/0bNzdvbW3v3D60eWkYH7Nc5uY4Bcul0HzshJP8uDAcVCr5UXr2oskfnXNjRa7fulnBEwWZFlPBwHlq9OhkO4wGURt4FZA5CJ9++f3+3rfRn4OTnd5fO slZqbh2TIK1MYkKl1RgnGCS131aWl4AO4OMxx5qUNwmVdtpjR94ZoKnufGfdrhl/3dUoKydqdQrFbhTu5xryHW5uHTTJ0kldFE6rllXaFpK7HLcjI0nwnDm5 MwDYEb4XjE7BQPM+eX0qebvWK4U6ElFX3NXxySpqN+bwzgkmBrQmZ9tc0H33ECnk222FTaWJdkbcC9lHe+tCnE4nJ976ys8U0UdDy+MdNd7/a91+dNf0HDrz aoA0/WnwGR+M2Aq6hcoJabC1yT1crXzbGGeps+Lu/1DIcvPYhUcDgckGpARCfd3URcb6C66jx4igh6jffQKHaAxYoijD+gT+hx8DL4G34MfnTTozT130EIEP /8BYJj6Ug==</latexit><latexit sha1_base64="XpfTCUE4oW6a/9TiCn1eE1OmckU=">AAADDHicb VLdahQxFM6OP62r1VYvvQkOghdlmWwRvayKIIjQgtsWZoZyJpudhiaZIcm0LMM8geCVvol34q3v4IN475nZgbo/B5J8nPN9OT+crFTS+Sj6Mwhu3b5zd2v73 vD+g52Hj3b3Hp+4orJcTHihCnuWgRNKGjHx0itxVloBOlPiNLt818ZPr4R1sjCf/bwUqYbcyJnk4NF1/PJ8N4xGUWd0HbAehKS3o/O9wd9kWvBKC+O5AudiF pU+rcF6yZVohknlRAn8EnIRIzSghUvrrtKGPkfPlM4Ki8d42nn/V9SgnZvrDJka/IVbjbXOTbG48rPXaS1NWXlh+CLRrFLUF7Rtm06lFdyrOQLgVmKtlF+AB e5xOMPEiGteaA1mWicfhW9iltYJzs1TGjKaWDA59razxHtrYcFTXbQjtpIV2ifw71UTH6wTaTju34PNGd7osonHN8JkH7V4dSp88YPWt1msS7CL+jTYHCcDt k5wgErRRGJO1qxmu8qX+mnrvPkbF4WtrsU6OBmPWDRixyw83O9XZps8Jc/IC8LIK3JIPpAjMiGcCPKFfCPfg6/Bj+Bn8GtBDQa95glZsuD3P1Dz9d8=</lat exit>
1
<latexit sha1_base64="Q8zXfU7jnJW/eLbKxPamXw0S2Qw=">AAADDHicb VJNa9RAGH43ftXVaqtHL4NB8FCWzPZQb7aKIIjQgtsWklDezM5uh85MwsykZQk5ehI86Q8RvIlX/4O/wbN3J8lC3Y8Xknl43ueZ94PJCimsi6LfveDGzVu37 2zc7d+7v/ng4db2o2Obl4bxEctlbk4ztFwKzUdOOMlPC8NRZZKfZBevm/zJJTdW5PqDmxU8VTjVYiIYOk8d0bOtMBpEbZBVQOcgfPntz0cCAIdn272/yThnp eLaMYnWxjQqXFqhcYJJXveT0vIC2QVOeeyhRsVtWrWd1uSZZ8Zkkhv/aUda9n9Hhcramcq8UqE7t8u5hlyXi0s3eZFWQhel45p1hSalJC4nzdhkLAxnTs48Q GaE75WwczTInF9OP9H8iuVKoR5XyTvu6pimVeL35ggJKUkM6qmfbXNB98pgp5NtthU2liXZe3RvZB3vrgpJOJyfu+srHKiijofXxmTHe/2vdfnTX9Bw682qQ NP1p9BM/WbQVIlfoJQkEb4mrZerXU4X5mn6vL7bPxS6/CxWwfFwQKMBPaLh/g50sQFP4Ck8Bwp7sA9v4RBGwIDDJ/gCX4PPwffgR/Czkwa9uecxLETw6x+CF /hb</latexit><latexit sha1_base64="BhBhb73YMK1GMca3p5hr0iMWhfQ=">AAADCHicb VJNaxQxGM6OH62r1darIMFB8FCWyfZgb62KIIjQgtsWJkN5J5udhiaZIcm0LMMcPRV60h8ieBC8+if8DXr1bmZmoe7HCzN5eN7nyftB0kIK66LoVy+4dfvO3 bX1e/37DzYePtrsbx3ZvDSMj1guc3OSguVSaD5ywkl+UhgOKpX8OD1/0+SPL7ixItcf3bTgiYJMi4lg4Dx1SE43w2gQtYGXAZmBcO/r709Pvx/+OTjd6v2l4 5yVimvHJFgbk6hwSQXGCSZ53ael5QWwc8h47KEGxW1StZ3W+LlnxniSG/9ph1v2f0cFytqpSr1SgTuzi7mGXJWLSzfZTSqhi9JxzbpCk1Jil+NmbDwWhjMnp x4AM8L3itkZGGDOL6dPNb9kuVKgxxV9z10dk6Sifm8O45BgakBnfraNOd1rA51OttlW2FgWZB/AvZV1vLMsxOFwdu6srvBKFXU8vDHSbe/1v9blT39Bw602q wJM158Ck/nNgKmoX6CUmApfk9SL1S6yuXmaPm/u9g+FLD6LZXA0HJBoQML9bdTFOnqCnqEXiKCXaB+9QwdohBji6Ap9Rl+C6+Bb8KMTBr2Z4zGai+DnPyoE+ QI=</latexit><latexit sha1_base64="BhBhb73YMK1GMca3p5hr0iMWhfQ=">AAADCHicb VJNaxQxGM6OH62r1darIMFB8FCWyfZgb62KIIjQgtsWJkN5J5udhiaZIcm0LMMcPRV60h8ieBC8+if8DXr1bmZmoe7HCzN5eN7nyftB0kIK66LoVy+4dfvO3 bX1e/37DzYePtrsbx3ZvDSMj1guc3OSguVSaD5ywkl+UhgOKpX8OD1/0+SPL7ixItcf3bTgiYJMi4lg4Dx1SE43w2gQtYGXAZmBcO/r709Pvx/+OTjd6v2l4 5yVimvHJFgbk6hwSQXGCSZ53ael5QWwc8h47KEGxW1StZ3W+LlnxniSG/9ph1v2f0cFytqpSr1SgTuzi7mGXJWLSzfZTSqhi9JxzbpCk1Jil+NmbDwWhjMnp x4AM8L3itkZGGDOL6dPNb9kuVKgxxV9z10dk6Sifm8O45BgakBnfraNOd1rA51OttlW2FgWZB/AvZV1vLMsxOFwdu6srvBKFXU8vDHSbe/1v9blT39Bw602q wJM158Ck/nNgKmoX6CUmApfk9SL1S6yuXmaPm/u9g+FLD6LZXA0HJBoQML9bdTFOnqCnqEXiKCXaB+9QwdohBji6Ap9Rl+C6+Bb8KMTBr2Z4zGai+DnPyoE+ QI=</latexit><latexit sha1_base64="NvA7WOH0F7XCEBNuvaZH8Krf+I4=">AAADCHicb VLNatwwENa6aZtumybptRdRE+ghLNbm0B6TlkKhFFLoJgHbhLF21hGRZCPJKYvxExR6at+kt177EnmQ3Ct7Den+DEj6mPk+zQ+TlVJYF0W3g+DB1sNHj7efD J8+23m+uzfcP7NFZThOeCELc5GBRSk0TpxwEi9Kg6AyiefZ9fs2fn6DxopCf3XzElMFuRYzwcF51xd2uRdGo6gzug5YD0LS2+nl/uAumRa8Uqgdl2BtzKLSp TUYJ7jEZphUFkvg15Bj7KEGhTatu0obeuA9UzorjD/a0c77v6IGZe1cZZ6pwF3Z1Vjr3BSLKzd7m9ZCl5VDzReJZpWkrqBt23QqDHIn5x4AN8LXSvkVGODOD 2eYaPzGC6VAT+vkE7omZmmd+Lk5SkNGEwM6973tLPHeGVjwZBftiK1khfYZ3AfZxEfrRBqO+/doc4YTVTbx+F6YHHqtvzqVf/0HrW+zWJVgFvUpMLmfDJg68 QOUkibC52TNarabfKmfts77v/2isNW1WAdn4xGLRiw8PuwXZpu8JK/Ia8LIG3JMPpJTMiGcIPlOfpJfwY/gd/BnQQwGveIFWbLg7z8sK/SP</latexit>
1
<latexit sha1_base64="Q8zXfU7jnJW/eLbKxPamXw0S2Qw=">AAADDHicb VJNa9RAGH43ftXVaqtHL4NB8FCWzPZQb7aKIIjQgtsWklDezM5uh85MwsykZQk5ehI86Q8RvIlX/4O/wbN3J8lC3Y8Xknl43ueZ94PJCimsi6LfveDGzVu37 2zc7d+7v/ng4db2o2Obl4bxEctlbk4ztFwKzUdOOMlPC8NRZZKfZBevm/zJJTdW5PqDmxU8VTjVYiIYOk8d0bOtMBpEbZBVQOcgfPntz0cCAIdn272/yThnp eLaMYnWxjQqXFqhcYJJXveT0vIC2QVOeeyhRsVtWrWd1uSZZ8Zkkhv/aUda9n9Hhcramcq8UqE7t8u5hlyXi0s3eZFWQhel45p1hSalJC4nzdhkLAxnTs48Q GaE75WwczTInF9OP9H8iuVKoR5XyTvu6pimVeL35ggJKUkM6qmfbXNB98pgp5NtthU2liXZe3RvZB3vrgpJOJyfu+srHKiijofXxmTHe/2vdfnTX9Bw682qQ NP1p9BM/WbQVIlfoJQkEb4mrZerXU4X5mn6vL7bPxS6/CxWwfFwQKMBPaLh/g50sQFP4Ck8Bwp7sA9v4RBGwIDDJ/gCX4PPwffgR/Czkwa9uecxLETw6x+CF /hb</latexit><latexit sha1_base64="BhBhb73YMK1GMca3p5hr0iMWhfQ=">AAADCHicb VJNaxQxGM6OH62r1darIMFB8FCWyfZgb62KIIjQgtsWJkN5J5udhiaZIcm0LMMcPRV60h8ieBC8+if8DXr1bmZmoe7HCzN5eN7nyftB0kIK66LoVy+4dfvO3 bX1e/37DzYePtrsbx3ZvDSMj1guc3OSguVSaD5ywkl+UhgOKpX8OD1/0+SPL7ixItcf3bTgiYJMi4lg4Dx1SE43w2gQtYGXAZmBcO/r709Pvx/+OTjd6v2l4 5yVimvHJFgbk6hwSQXGCSZ53ael5QWwc8h47KEGxW1StZ3W+LlnxniSG/9ph1v2f0cFytqpSr1SgTuzi7mGXJWLSzfZTSqhi9JxzbpCk1Jil+NmbDwWhjMnp x4AM8L3itkZGGDOL6dPNb9kuVKgxxV9z10dk6Sifm8O45BgakBnfraNOd1rA51OttlW2FgWZB/AvZV1vLMsxOFwdu6srvBKFXU8vDHSbe/1v9blT39Bw602q wJM158Ck/nNgKmoX6CUmApfk9SL1S6yuXmaPm/u9g+FLD6LZXA0HJBoQML9bdTFOnqCnqEXiKCXaB+9QwdohBji6Ap9Rl+C6+Bb8KMTBr2Z4zGai+DnPyoE+ QI=</latexit><latexit sha1_base64="BhBhb73YMK1GMca3p5hr0iMWhfQ=">AAADCHicb VJNaxQxGM6OH62r1darIMFB8FCWyfZgb62KIIjQgtsWJkN5J5udhiaZIcm0LMMcPRV60h8ieBC8+if8DXr1bmZmoe7HCzN5eN7nyftB0kIK66LoVy+4dfvO3 bX1e/37DzYePtrsbx3ZvDSMj1guc3OSguVSaD5ywkl+UhgOKpX8OD1/0+SPL7ixItcf3bTgiYJMi4lg4Dx1SE43w2gQtYGXAZmBcO/r709Pvx/+OTjd6v2l4 5yVimvHJFgbk6hwSQXGCSZ53ael5QWwc8h47KEGxW1StZ3W+LlnxniSG/9ph1v2f0cFytqpSr1SgTuzi7mGXJWLSzfZTSqhi9JxzbpCk1Jil+NmbDwWhjMnp x4AM8L3itkZGGDOL6dPNb9kuVKgxxV9z10dk6Sifm8O45BgakBnfraNOd1rA51OttlW2FgWZB/AvZV1vLMsxOFwdu6srvBKFXU8vDHSbe/1v9blT39Bw602q wJM158Ck/nNgKmoX6CUmApfk9SL1S6yuXmaPm/u9g+FLD6LZXA0HJBoQML9bdTFOnqCnqEXiKCXaB+9QwdohBji6Ap9Rl+C6+Bb8KMTBr2Z4zGai+DnPyoE+ QI=</latexit><latexit sha1_base64="NvA7WOH0F7XCEBNuvaZH8Krf+I4=">AAADCHicb VLNatwwENa6aZtumybptRdRE+ghLNbm0B6TlkKhFFLoJgHbhLF21hGRZCPJKYvxExR6at+kt177EnmQ3Ct7Den+DEj6mPk+zQ+TlVJYF0W3g+DB1sNHj7efD J8+23m+uzfcP7NFZThOeCELc5GBRSk0TpxwEi9Kg6AyiefZ9fs2fn6DxopCf3XzElMFuRYzwcF51xd2uRdGo6gzug5YD0LS2+nl/uAumRa8Uqgdl2BtzKLSp TUYJ7jEZphUFkvg15Bj7KEGhTatu0obeuA9UzorjD/a0c77v6IGZe1cZZ6pwF3Z1Vjr3BSLKzd7m9ZCl5VDzReJZpWkrqBt23QqDHIn5x4AN8LXSvkVGODOD 2eYaPzGC6VAT+vkE7omZmmd+Lk5SkNGEwM6973tLPHeGVjwZBftiK1khfYZ3AfZxEfrRBqO+/doc4YTVTbx+F6YHHqtvzqVf/0HrW+zWJVgFvUpMLmfDJg68 QOUkibC52TNarabfKmfts77v/2isNW1WAdn4xGLRiw8PuwXZpu8JK/Ia8LIG3JMPpJTMiGcIPlOfpJfwY/gd/BnQQwGveIFWbLg7z8sK/SP</latexit>
3
<latexit sha1_base64="L319ec3MbPwj2p1COKyDcsJRDik=">AAADDHicb VJNa9RAGH43ftXVaqtHL4NB8FCWzO6h3qyKIIjQgtsWklDezM5uh85MwsyksoQcPQme9IcI3sSr/8Hf4Nm7k2Sh7scLyTw87/PM+8FkhRTWRdHvXnDt+o2bt 7Zu9+/c3b53f2f3wbHNS8P4mOUyN6cZWi6F5mMnnOSnheGoMslPsotXTf7kkhsrcv3ezQueKpxpMRUMnaeORmc7YTSI2iDrgC5A+Pzbn48EAA7Pdnt/k0nOS sW1YxKtjWlUuLRC4wSTvO4npeUFsguc8dhDjYrbtGo7rckTz0zINDf+04607P+OCpW1c5V5pUJ3bldzDbkpF5du+iythC5KxzXrCk1LSVxOmrHJRBjOnJx7g MwI3yth52iQOb+cfqL5B5YrhXpSJW+5q2OaVonfmyMkpCQxqGd+tu0l3UuDnU622VbYWFZk79C9lnU8WheScLg4R5srvFBFHQ+vjMme9/pf6/Knv6DhNptVg abrT6GZ+c2gqRK/QClJInxNWq9Wu5wtzdP0eXW3fyh09Vmsg+PhgEYDekTDgz3oYgsewWN4ChT24QDewCGMgQGHT/AFvgafg+/Bj+BnJw16C89DWIrg1z+HZ /hd</latexit><latexit sha1_base64="++trUK1vTJx3iN3xRv3lYLm1lFU=">AAADDHicb VJNi9QwGM7Ur3V0dVePggSL4GEZmpmD3lwVQRBhB5zdhaYsbzOZbtgkLUm6MpQePQme9IcIHgTx6n/wN+jVu2k7sM7HC20envd58n6QtJDCuij61QsuXb5y9 drW9f6Nm9u3bu/s3jm0eWkYn7Bc5uY4Bcul0HzihJP8uDAcVCr5UXr2oskfnXNjRa7funnBEwWZFjPBwHlqPDrZCaNB1AZeB2QBwqdffr+//2385+Bkt/eXT nNWKq4dk2BtTKLCJRUYJ5jkdZ+WlhfAziDjsYcaFLdJ1XZa44eemeJZbvynHW7Z/x0VKGvnKvVKBe7UruYaclMuLt3sSVIJXZSOa9YVmpUSuxw3Y+OpMJw5O fcAmBG+V8xOwQBzfjl9qvk7lisFelrR19zVMUkq6vfmMA4JpgZ05mfbXtI9N9DpZJtthY1lRfYG3EtZx6N1IQ6Hi3O0ucIzVdTx8MJI97zX/1qXP/0FDbfZr AowXX8KTOY3A6aifoFSYip8TVKvVjvPluZp+ry42z8Usvos1sHhcECiARmTcH8PdbGF7qEH6BEi6DHaR6/QAZoghjj6gD6hz8HH4GvwPfjRSYPewnMXLUXw8 x9bSPpQ</latexit><latexit sha1_base64="++trUK1vTJx3iN3xRv3lYLm1lFU=">AAADDHicb VJNi9QwGM7Ur3V0dVePggSL4GEZmpmD3lwVQRBhB5zdhaYsbzOZbtgkLUm6MpQePQme9IcIHgTx6n/wN+jVu2k7sM7HC20envd58n6QtJDCuij61QsuXb5y9 drW9f6Nm9u3bu/s3jm0eWkYn7Bc5uY4Bcul0HzihJP8uDAcVCr5UXr2oskfnXNjRa7funnBEwWZFjPBwHlqPDrZCaNB1AZeB2QBwqdffr+//2385+Bkt/eXT nNWKq4dk2BtTKLCJRUYJ5jkdZ+WlhfAziDjsYcaFLdJ1XZa44eemeJZbvynHW7Z/x0VKGvnKvVKBe7UruYaclMuLt3sSVIJXZSOa9YVmpUSuxw3Y+OpMJw5O fcAmBG+V8xOwQBzfjl9qvk7lisFelrR19zVMUkq6vfmMA4JpgZ05mfbXtI9N9DpZJtthY1lRfYG3EtZx6N1IQ6Hi3O0ucIzVdTx8MJI97zX/1qXP/0FDbfZr AowXX8KTOY3A6aifoFSYip8TVKvVjvPluZp+ry42z8Usvos1sHhcECiARmTcH8PdbGF7qEH6BEi6DHaR6/QAZoghjj6gD6hz8HH4GvwPfjRSYPewnMXLUXw8 x9bSPpQ</latexit><latexit sha1_base64="bUaYlZX7FFR3n85Cv9n8Tx+JYd0=">AAADDHicb VLNahRBEO4d/+JqNNGjl8ZB8BCW6d1DPEZFEERIwE0CM0Oo6e2dNOnuGbp7IsswTyB40jfxJl59Bx/EuzWzA3F/Crr7o+r7un6orFTS+Sj6Mwhu3b5z997O/ eGDh7uPHu/tPzl1RWW5mPJCFfY8AyeUNGLqpVfivLQCdKbEWXb1to2fXQvrZGE++UUpUg25kXPJwaPrZHKxF0ajqDO6CVgPQtLb8cX+4G8yK3ilhfFcgXMxi 0qf1mC95Eo0w6RyogR+BbmIERrQwqV1V2lDX6BnRueFxWM87bz/K2rQzi10hkwN/tKtx1rntlhc+fmrtJamrLwwfJloXinqC9q2TWfSCu7VAgFwK7FWyi/BA vc4nGFixGdeaA1mVicfhG9iltYJzs1TGjKaWDA59ra7wntjYclTXbQjtpI12kfw71QTTzaJNBz372R7hte6bOLxjTA5QC1enQpf/KD1bRfrEuyyPg02x8mAr RMcoFI0kZiTNevZrvOVfto6b/7GRWHra7EJTscjFo3YCQuPDvqV2SHPyHPykjBySI7Ie3JMpoQTQb6Qb+R78DX4EfwMfi2pwaDXPCUrFvz+B0uj9d0=</lat exit>
40
<latexit sha1_base64="lcWXopyN0R3sBzcvL8p08fZet/w=">AAADDXicb VJNi9QwGM7Ur3V0dVePXoJF8CBDM7ugN0dFEERYxdldaMryNpN2wyZpSdKVsfQfCJ70l+hNvPobPPojvJu2A+t8vNDm4XmfJ+8HSUsprIui34Pg0uUrV69tX R/euLl96/bO7p1DW1SG8SkrZGGOU7BcCs2nTjjJj0vDQaWSH6VnL9r80Tk3VhT6vZuXPFGQa5EJBs5T7/ajk50wGkVd4HVAFiB8+u3jnwlC6OBkd/CXzgpWK a4dk2BtTKLSJTUYJ5jkzZBWlpfAziDnsYcaFLdJ3bXa4AeemeGsMP7TDnfs/44alLVzlXqlAndqV3MtuSkXVy57ktRCl5XjmvWFskpiV+B2bjwThjMn5x4AM 8L3itkpGGDOb2dINf/ACqVAz2r6mrsmJklN/eIcxiHB1IDO/WzbS7rnBnqd7LKdsLWsyN6AeymbeG9diMPx4tzbXOGZKpt4fGGkj7zX/zqXP/0FLbfZrEowf X8KTO43A6amfoFSYip8TdKsVjvPl+Zp+7y42z8Usvos1sHheESiEXlLwkmE+thC99B99BAR9BhN0Ct0gKaIoQx9Ql/Q1+Bz8D34EfzspcFg4bmLliL49Q9TW fiq</latexit><latexit sha1_base64="yDdIWEA6P5743EKw/pTwiWlanrE=">AAADDXicb VJNi9QwGM7Ur3V0dVe9eQkWwYMMzaygN1dFFERYxdldaMryNpN2wyZpSdKVsfQfCJ70Z3jSm3j1N3j0R3g3bQfW+XihzcPzPk/eD5KWUlgXRb8HwbnzFy5e2 rg8vHJ189r1re0b+7aoDOMTVsjCHKZguRSaT5xwkh+WhoNKJT9IT561+YNTbqwo9Ds3K3miINciEwycp94+iI62wmgUdYFXAZmD8PG3D39efL1V7x1tD/7Sa cEqxbVjEqyNSVS6pAbjBJO8GdLK8hLYCeQ89lCD4japu1YbfNczU5wVxn/a4Y7931GDsnamUq9U4I7tcq4l1+XiymWPklrosnJcs75QVknsCtzOjafCcObkz ANgRvheMTsGA8z57Qyp5u9ZoRToaU1fcdfEJKmpX5zDOCSYGtC5n21zQffUQK+TXbYTtpYl2Wtwz2UT76wKcTienzvrKzxRZROPz4z0vvf6X+fyp7+g5dabV Qmm70+Byf1mwNTUL1BKTIWvSZrlaqf5wjxtn2d3+4dClp/FKtgfj0g0Im9IuBuhPjbQbXQH3UMEPUS76CXaQxPEUIY+os/oS/Ap+B78CH720mAw99xECxH8+ gd2L/nu</latexit><latexit sha1_base64="yDdIWEA6P5743EKw/pTwiWlanrE=">AAADDXicb VJNi9QwGM7Ur3V0dVe9eQkWwYMMzaygN1dFFERYxdldaMryNpN2wyZpSdKVsfQfCJ70Z3jSm3j1N3j0R3g3bQfW+XihzcPzPk/eD5KWUlgXRb8HwbnzFy5e2 rg8vHJ189r1re0b+7aoDOMTVsjCHKZguRSaT5xwkh+WhoNKJT9IT561+YNTbqwo9Ds3K3miINciEwycp94+iI62wmgUdYFXAZmD8PG3D39efL1V7x1tD/7Sa cEqxbVjEqyNSVS6pAbjBJO8GdLK8hLYCeQ89lCD4japu1YbfNczU5wVxn/a4Y7931GDsnamUq9U4I7tcq4l1+XiymWPklrosnJcs75QVknsCtzOjafCcObkz ANgRvheMTsGA8z57Qyp5u9ZoRToaU1fcdfEJKmpX5zDOCSYGtC5n21zQffUQK+TXbYTtpYl2Wtwz2UT76wKcTienzvrKzxRZROPz4z0vvf6X+fyp7+g5dabV Qmm70+Byf1mwNTUL1BKTIWvSZrlaqf5wjxtn2d3+4dClp/FKtgfj0g0Im9IuBuhPjbQbXQH3UMEPUS76CXaQxPEUIY+os/oS/Ap+B78CH720mAw99xECxH8+ gd2L/nu</latexit><latexit sha1_base64="BbFlC65hFRY6Y+pzdFDw4wxEYGM=">AAADDXicb VLdahQxFM5O1dbValsvvQkOgheyTLYFe9kqgiBCFbctTIZyJpuZhiaZIcm0LMO8geCVvol34q3P4IN4b2Z2oO7PgSQf53xfzg8nLaWwLor+DIKNO3fvbW7dH z54uP3o8c7u3qktKsP4hBWyMOcpWC6F5hMnnOTnpeGgUsnP0qs3bfzsmhsrCv3ZzUqeKMi1yAQD512fDqKLnTAaRZ3hVUB6EKLeTi52B3/ptGCV4toxCdbGJ CpdUoNxgkneDGlleQnsCnIee6hBcZvUXakNfu49U5wVxh/tcOf9X1GDsnamUs9U4C7tcqx1rovFlcsOk1rosnJcs3mirJLYFbjtG0+F4czJmQfAjPC1YnYJB pjz0xlSzW9YoRToaU3fc9fEJKmpH5zDOCSYGtC57217gffawJwnu2hHbCVLtA/g3som3l8l4nDcv/vrMxyrsonHt0L60mv91an86z9ofevFqgQzr0+Byf1kw NTUD1BKTIXPSZrlbNf5Qj9tnbd/+0Uhy2uxCk7HIxKNyEcSHkX9ymyhp+gZeoEIeoWO0Dt0giaIoQx9Qd/Q9+Br8CP4GfyaU4NBr3mCFiz4/Q/1O/Yc</lat exit>
44
<latexit sha1_base64="1ZGFEUHvqABj7+6d8c4PWFbm83Q=">AAADDXicb VJNi9QwGM7Ur3V0dVePXoJF8CBDM7ugN0dFEERYxdldaMryNpN2wyZpSdKVsfQfCJ70l+hNvPobPPojvJu2A+t8vNDm4XmfJ+8HSUsprIui34Pg0uUrV69tX R/euLl96/bO7p1DW1SG8SkrZGGOU7BcCs2nTjjJj0vDQaWSH6VnL9r80Tk3VhT6vZuXPFGQa5EJBs5T7/b3T3bCaBR1gdcBWYDw6bePfyYIoYOT3cFfOitYp bh2TIK1MYlKl9RgnGCSN0NaWV4CO4Ocxx5qUNwmdddqgx94ZoazwvhPO9yx/ztqUNbOVeqVCtypXc215KZcXLnsSVILXVaOa9YXyiqJXYHbufFMGM6cnHsAz AjfK2anYIA5v50h1fwDK5QCPavpa+6amCQ19YtzGIcEUwM697NtL+meG+h1sst2wtayInsD7qVs4r11IQ7Hi3Nvc4Vnqmzi8YWRPvJe/+tc/vQXtNxmsyrB9 P0pMLnfDJia+gVKianwNUmzWu08X5qn7fPibv9QyOqzWAeH4xGJRuQtCScR6mML3UP30UNE0GM0Qa/QAZoihjL0CX1BX4PPwffgR/CzlwaDhecuWorg1z9d+ fiu</latexit><latexit sha1_base64="SPbfT5zqIjxcylsf+5j48fz7TjA=">AAADDXicb VJNa9RAGJ6NX3W1tlVvXgaD4EGWzLZgb62VoiBCFbctJKG8mZ2kQ2cmYWZS2Yb8A8FT/Rme9CZe/Q0e/RHenSQLdT9eSObheZ9n3g8mKQQ3Ngh+97xr12/cv LVyu3/n7uq9tfWN+4cmLzVlI5qLXB8nYJjgio0st4IdF5qBTAQ7Ss5eNvmjc6YNz9UHOylYLCFTPOUUrKPeb22drPvBIGgDLwIyBf7Ot4s/r74+rA5ONnp/o 3FOS8mUpQKMCUlQ2LgCbTkVrO5HpWEF0DPIWOigAslMXLWt1viJY8Y4zbX7lMUt+7+jAmnMRCZOKcGemvlcQy7LhaVNt+OKq6K0TNGuUFoKbHPczI3HXDNqx cQBoJq7XjE9BQ3Uuu30I8U+0lxKUOMqesNsHZK4itziLMY+wZEGlbnZVmd0exo6nWizrbCxzMnegt0Xdbi5KMT+cHpuLq/wQhZ1OLwyRs+c1/1alzvdBQ233 CwL0F1/EnTmNgO6itwChcARdzVJPV/tPJuZp+nz6m73UMj8s1gEh8MBCQbkHfF3A9TFCnqEHqOniKDnaBe9RgdohChK0Sd0ib54n73v3g/vZyf1elPPAzQT3 q9/gM/58g==</latexit><latexit sha1_base64="SPbfT5zqIjxcylsf+5j48fz7TjA=">AAADDXicb VJNa9RAGJ6NX3W1tlVvXgaD4EGWzLZgb62VoiBCFbctJKG8mZ2kQ2cmYWZS2Yb8A8FT/Rme9CZe/Q0e/RHenSQLdT9eSObheZ9n3g8mKQQ3Ngh+97xr12/cv LVyu3/n7uq9tfWN+4cmLzVlI5qLXB8nYJjgio0st4IdF5qBTAQ7Ss5eNvmjc6YNz9UHOylYLCFTPOUUrKPeb22drPvBIGgDLwIyBf7Ot4s/r74+rA5ONnp/o 3FOS8mUpQKMCUlQ2LgCbTkVrO5HpWEF0DPIWOigAslMXLWt1viJY8Y4zbX7lMUt+7+jAmnMRCZOKcGemvlcQy7LhaVNt+OKq6K0TNGuUFoKbHPczI3HXDNqx cQBoJq7XjE9BQ3Uuu30I8U+0lxKUOMqesNsHZK4itziLMY+wZEGlbnZVmd0exo6nWizrbCxzMnegt0Xdbi5KMT+cHpuLq/wQhZ1OLwyRs+c1/1alzvdBQ233 CwL0F1/EnTmNgO6itwChcARdzVJPV/tPJuZp+nz6m73UMj8s1gEh8MBCQbkHfF3A9TFCnqEHqOniKDnaBe9RgdohChK0Sd0ib54n73v3g/vZyf1elPPAzQT3 q9/gM/58g==</latexit><latexit sha1_base64="F8CTtGUCBYWu0bNvLVRfOIUqnJk=">AAADDXicb VLdahQxFM5O1dbValsvvQkOgheyTLYFe9kqgiBCFbctTIZyJpuZhiaZIcm0LMO8geCVvol34q3P4IN4b2Z2oO7PgSQf53xfzg8nLaWwLor+DIKNO3fvbW7dH z54uP3o8c7u3qktKsP4hBWyMOcpWC6F5hMnnOTnpeGgUsnP0qs3bfzsmhsrCv3ZzUqeKMi1yAQD512fDg4udsJoFHWGVwHpQYh6O7nYHfyl04JVimvHJFgbk 6h0SQ3GCSZ5M6SV5SWwK8h57KEGxW1Sd6U2+Ln3THFWGH+0w533f0UNytqZSj1Tgbu0y7HWuS4WVy47TGqhy8pxzeaJskpiV+C2bzwVhjMnZx4AM8LXitklG GDOT2dINb9hhVKgpzV9z10Tk6SmfnAO45BgakDnvrftBd5rA3Oe7KIdsZUs0T6AeyubeH+ViMNx/+6vz3CsyiYe3wrpS6/1V6fyr/+g9a0XqxLMvD4FJveTA VNTP0ApMRU+J2mWs13nC/20dd7+7ReFLK/FKjgdj0g0Ih9JeBT1K7OFnqJn6AUi6BU6Qu/QCZoghjL0BX1D34OvwY/gZ/BrTg0GveYJWrDg9z//2/Yg</lat exit>
 aPf1/2
1
<latexit sha1_base64="Q8zXfU7jnJW/eLbKxPamXw0S2Qw=">AAADDHicb VJNa9RAGH43ftXVaqtHL4NB8FCWzPZQb7aKIIjQgtsWklDezM5uh85MwsykZQk5ehI86Q8RvIlX/4O/wbN3J8lC3Y8Xknl43ueZ94PJCimsi6LfveDGzVu37 2zc7d+7v/ng4db2o2Obl4bxEctlbk4ztFwKzUdOOMlPC8NRZZKfZBevm/zJJTdW5PqDmxU8VTjVYiIYOk8d0bOtMBpEbZBVQOcgfPntz0cCAIdn272/yThnp eLaMYnWxjQqXFqhcYJJXveT0vIC2QVOeeyhRsVtWrWd1uSZZ8Zkkhv/aUda9n9Hhcramcq8UqE7t8u5hlyXi0s3eZFWQhel45p1hSalJC4nzdhkLAxnTs48Q GaE75WwczTInF9OP9H8iuVKoR5XyTvu6pimVeL35ggJKUkM6qmfbXNB98pgp5NtthU2liXZe3RvZB3vrgpJOJyfu+srHKiijofXxmTHe/2vdfnTX9Bw682qQ NP1p9BM/WbQVIlfoJQkEb4mrZerXU4X5mn6vL7bPxS6/CxWwfFwQKMBPaLh/g50sQFP4Ck8Bwp7sA9v4RBGwIDDJ/gCX4PPwffgR/Czkwa9uecxLETw6x+CF /hb</latexit><latexit sha1_base64="BhBhb73YMK1GMca3p5hr0iMWhfQ=">AAADCHicb VJNaxQxGM6OH62r1darIMFB8FCWyfZgb62KIIjQgtsWJkN5J5udhiaZIcm0LMMcPRV60h8ieBC8+if8DXr1bmZmoe7HCzN5eN7nyftB0kIK66LoVy+4dfvO3 bX1e/37DzYePtrsbx3ZvDSMj1guc3OSguVSaD5ywkl+UhgOKpX8OD1/0+SPL7ixItcf3bTgiYJMi4lg4Dx1SE43w2gQtYGXAZmBcO/r709Pvx/+OTjd6v2l4 5yVimvHJFgbk6hwSQXGCSZ53ael5QWwc8h47KEGxW1StZ3W+LlnxniSG/9ph1v2f0cFytqpSr1SgTuzi7mGXJWLSzfZTSqhi9JxzbpCk1Jil+NmbDwWhjMnp x4AM8L3itkZGGDOL6dPNb9kuVKgxxV9z10dk6Sifm8O45BgakBnfraNOd1rA51OttlW2FgWZB/AvZV1vLMsxOFwdu6srvBKFXU8vDHSbe/1v9blT39Bw602q wJM158Ck/nNgKmoX6CUmApfk9SL1S6yuXmaPm/u9g+FLD6LZXA0HJBoQML9bdTFOnqCnqEXiKCXaB+9QwdohBji6Ap9Rl+C6+Bb8KMTBr2Z4zGai+DnPyoE+ QI=</latexit><latexit sha1_base64="BhBhb73YMK1GMca3p5hr0iMWhfQ=">AAADCHicb VJNaxQxGM6OH62r1darIMFB8FCWyfZgb62KIIjQgtsWJkN5J5udhiaZIcm0LMMcPRV60h8ieBC8+if8DXr1bmZmoe7HCzN5eN7nyftB0kIK66LoVy+4dfvO3 bX1e/37DzYePtrsbx3ZvDSMj1guc3OSguVSaD5ywkl+UhgOKpX8OD1/0+SPL7ixItcf3bTgiYJMi4lg4Dx1SE43w2gQtYGXAZmBcO/r709Pvx/+OTjd6v2l4 5yVimvHJFgbk6hwSQXGCSZ53ael5QWwc8h47KEGxW1StZ3W+LlnxniSG/9ph1v2f0cFytqpSr1SgTuzi7mGXJWLSzfZTSqhi9JxzbpCk1Jil+NmbDwWhjMnp x4AM8L3itkZGGDOL6dPNb9kuVKgxxV9z10dk6Sifm8O45BgakBnfraNOd1rA51OttlW2FgWZB/AvZV1vLMsxOFwdu6srvBKFXU8vDHSbe/1v9blT39Bw602q wJM158Ck/nNgKmoX6CUmApfk9SL1S6yuXmaPm/u9g+FLD6LZXA0HJBoQML9bdTFOnqCnqEXiKCXaB+9QwdohBji6Ap9Rl+C6+Bb8KMTBr2Z4zGai+DnPyoE+ QI=</latexit><latexit sha1_base64="NvA7WOH0F7XCEBNuvaZH8Krf+I4=">AAADCHicb VLNatwwENa6aZtumybptRdRE+ghLNbm0B6TlkKhFFLoJgHbhLF21hGRZCPJKYvxExR6at+kt177EnmQ3Ct7Den+DEj6mPk+zQ+TlVJYF0W3g+DB1sNHj7efD J8+23m+uzfcP7NFZThOeCELc5GBRSk0TpxwEi9Kg6AyiefZ9fs2fn6DxopCf3XzElMFuRYzwcF51xd2uRdGo6gzug5YD0LS2+nl/uAumRa8Uqgdl2BtzKLSp TUYJ7jEZphUFkvg15Bj7KEGhTatu0obeuA9UzorjD/a0c77v6IGZe1cZZ6pwF3Z1Vjr3BSLKzd7m9ZCl5VDzReJZpWkrqBt23QqDHIn5x4AN8LXSvkVGODOD 2eYaPzGC6VAT+vkE7omZmmd+Lk5SkNGEwM6973tLPHeGVjwZBftiK1khfYZ3AfZxEfrRBqO+/doc4YTVTbx+F6YHHqtvzqVf/0HrW+zWJVgFvUpMLmfDJg68 QOUkibC52TNarabfKmfts77v/2isNW1WAdn4xGLRiw8PuwXZpu8JK/Ia8LIG3JMPpJTMiGcIPlOfpJfwY/gd/BnQQwGveIFWbLg7z8sK/SP</latexit>
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<latexit sha1_base64="blqKWRtWNv1KdHJ8fPxN+zcCRvE=">AAADDHicb VJNa9RAGH43ftXVaqtHL4NB8FCWzPZQb7aKIIjQgtsWklDezM5uh85MwsykZQk5ehI86Q8RvIlX/4O/wbN3J8lC3Y8Xknl43ueZ94PJCimsi6LfveDGzVu37 2zc7d+7v/ng4db2o2Obl4bxEctlbk4ztFwKzUdOOMlPC8NRZZKfZBevm/zJJTdW5PqDmxU8VTjVYiIYOk8dDc+2wmgQtUFWAZ2D8OW3Px8JAByebff+JuOcl YprxyRaG9OocGmFxgkmed1PSssLZBc45bGHGhW3adV2WpNnnhmTSW78px1p2f8dFSprZyrzSoXu3C7nGnJdLi7d5EVaCV2UjmvWFZqUkricNGOTsTCcOTnzA JkRvlfCztEgc345/UTzK5YrhXpcJe+4q2OaVonfmyMkpCQxqKd+ts0F3SuDnU622VbYWJZk79G9kXW8uyok4XB+7q6vcKCKOh5eG5Md7/W/1uVPf0HDrTerA k3Xn0Iz9ZtBUyV+gVKSRPiatF6udjldmKfp8/pu/1Do8rNYBcfDAY0G9IiG+zvQxQY8gafwHCjswT68hUMYAQMOn+ALfA0+B9+DH8HPThr05p7HsBDBr3+Ev /hc</latexit><latexit sha1_base64="aj4fO38q3r0hHHXIUB9KXqUJDy0=">AAADDHicb VJNaxQxGM6OX3W12upRkOAgeCjLZHvQW6siCCJ0wW0Lk6G8k81OQ5PMkGRalmGOngRP+kMED4J49T/4G/Tq3czMQt2PF2by8LzPk/eDpIUU1kXRr15w5eq16 zc2bvZv3d68c3dr+96hzUvD+JjlMjfHKVguheZjJ5zkx4XhoFLJj9Kzl03+6JwbK3L9zs0KnijItJgKBs5To+HJVhgNojbwKiBzEO59+f3+4bfRn4OT7d5fO slZqbh2TIK1MYkKl1RgnGCS131aWl4AO4OMxx5qUNwmVdtpjR97ZoKnufGfdrhl/3dUoKydqdQrFbhTu5xryHW5uHTTZ0kldFE6rllXaFpK7HLcjI0nwnDm5 MwDYEb4XjE7BQPM+eX0qeYXLFcK9KSib7irY5JU1O/NYRwSTA3ozM+2uaB7YaDTyTbbChvLkuwtuFeyjndXhTgczs/d9RWeq6KOh5dGuuO9/te6/OkvaLj1Z lWA6fpTYDK/GTAV9QuUElPha5J6udp5tjBP0+fl3f6hkOVnsQoOhwMSDciIhPs7qIsN9AA9Qk8QQU/RPnqNDtAYMcTRB/QJfQ4+Bl+D78GPThr05p77aCGCn /8AWKD6Tw==</latexit><latexit sha1_base64="aj4fO38q3r0hHHXIUB9KXqUJDy0=">AAADDHicb VJNaxQxGM6OX3W12upRkOAgeCjLZHvQW6siCCJ0wW0Lk6G8k81OQ5PMkGRalmGOngRP+kMED4J49T/4G/Tq3czMQt2PF2by8LzPk/eDpIUU1kXRr15w5eq16 zc2bvZv3d68c3dr+96hzUvD+JjlMjfHKVguheZjJ5zkx4XhoFLJj9Kzl03+6JwbK3L9zs0KnijItJgKBs5To+HJVhgNojbwKiBzEO59+f3+4bfRn4OT7d5fO slZqbh2TIK1MYkKl1RgnGCS131aWl4AO4OMxx5qUNwmVdtpjR97ZoKnufGfdrhl/3dUoKydqdQrFbhTu5xryHW5uHTTZ0kldFE6rllXaFpK7HLcjI0nwnDm5 MwDYEb4XjE7BQPM+eX0qeYXLFcK9KSib7irY5JU1O/NYRwSTA3ozM+2uaB7YaDTyTbbChvLkuwtuFeyjndXhTgczs/d9RWeq6KOh5dGuuO9/te6/OkvaLj1Z lWA6fpTYDK/GTAV9QuUElPha5J6udp5tjBP0+fl3f6hkOVnsQoOhwMSDciIhPs7qIsN9AA9Qk8QQU/RPnqNDtAYMcTRB/QJfQ4+Bl+D78GPThr05p77aCGCn /8AWKD6Tw==</latexit><latexit sha1_base64="lAqpU33Nj9u4MwZ9JSn/siMfbFc=">AAADDHicb VLNatwwENa6f+m2aZP22IuoKfQQFmtzSI9pSqFQCgl0k4BtwlirdUQk2UjjhMX4CQo9tW/SW+m179AH6b2y15Duz4Ckj5nv0/wwWamkwyj6Mwju3L13/8HWw +Gjx9tPnu7sPjt1RWW5mPBCFfY8AyeUNGKCEpU4L60AnSlxll29a+Nn18I6WZjPOC9FqiE3ciY5oHedjC92wmgUdUbXAetBSHo7vtgd/E2mBa+0MMgVOBezq MS0BouSK9EMk8qJEvgV5CL20IAWLq27Shv6ynumdFZYfwzSzvu/ogbt3FxnnqkBL91qrHVuisUVzt6ktTRlhcLwRaJZpSgWtG2bTqUVHNXcA+BW+lopvwQLH P1whokRN7zQGsy0Tj4KbGKW1omfG1IaMppYMLnvbXuJd2RhwVNdtCO2khXaJ8D3qon314k0HPfv/uYMb3XZxONbYbLntf7qVP71H7S+zWJdgl3Up8HmfjJg6 8QPUCmaSJ+TNavZrvOlfto6b//2i8JW12IdnI5HLBqxExYe7vUrs0VekJfkNWHkgBySD+SYTAgngnwh38j34GvwI/gZ/FpQg0GveU6WLPj9D0j79dw=</lat exit>
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<latexit sha1_base64="gyOla40nZmFzgdR0jZtOEfBb368=">AAADDHicb VJNa9RAGH43frSuVls9ehkMgoeyZLaC3loVQRChBbctJKG8mZ3dDp2ZhJlJZQk5ehI86Q8RvIlX/4O/wbN3J8lC3Y8Xknl43ueZ94PJCimsi6LfveDa9Rs3N zZv9W/f2bp7b3vn/rHNS8P4iOUyN6cZWi6F5iMnnOSnheGoMslPsotXTf7kkhsrcv3ezQqeKpxqMREMnaeOnp5th9EgaoOsAjoH4f63Px8JABye7fT+JuOcl YprxyRaG9OocGmFxgkmed1PSssLZBc45bGHGhW3adV2WpPHnhmTSW78px1p2f8dFSprZyrzSoXu3C7nGnJdLi7d5HlaCV2UjmvWFZqUkricNGOTsTCcOTnzA JkRvlfCztEgc345/UTzDyxXCvW4St5yV8c0rRK/N0dISEliUE/9bFsLupcGO51ss62wsSzJ3qF7Let4b1VIwuH83Ftf4YUq6nh4ZUx2vdf/Wpc//QUNt96sC jRdfwrN1G8GTZX4BUpJEuFr0nq52uV0YZ6mz6u7/UOhy89iFRwPBzQa0CMaHuxCF5vwEB7BE6DwDA7gDRzCCBhw+ARf4GvwOfge/Ah+dtKgN/c8gIUIfv0Di g/4Xg==</latexit><latexit sha1_base64="82FEa9K1cHWWLwJTjEPKxosXR+E=">AAADDHicb VJNi9QwGM7Ur3V03V09ChIsgodlaGYFvbkqgiDCDji7C01Z3mYy3bBJWpJ0ZSg9ehI86Q8RPAji1f/gb9Crd9N2YJ2PF9o8PO/z5P0gaSGFdVH0qxdcunzl6 rWN6/0bNzdvbW3v3D60eWkYH7Nc5uY4Bcul0HzshJP8uDAcVCr5UXr2oskfnXNjRa7fulnBEwWZFlPBwHlq9OhkO4wGURt4FZA5CJ9++f3+3rfRn4OTnd5fO slZqbh2TIK1MYkKl1RgnGCS131aWl4AO4OMxx5qUNwmVdtpjR94ZoKnufGfdrhl/3dUoKydqdQrFbhTu5xryHW5uHTTJ0kldFE6rllXaFpK7HLcjI0nwnDm5 MwDYEb4XjE7BQPM+eX0qebvWK4U6ElFX3NXxySpqN+bwzgkmBrQmZ9tc0H33ECnk222FTaWJdkbcC9lHe+tCnE4nJ976ys8U0UdDy+MdNd7/a91+dNf0HDrz aoA0/WnwGR+M2Aq6hcoJabC1yT1crXzbGGeps+Lu/1DIcvPYhUcDgckGpARCfd3URcb6C66jx4igh6jffQKHaAxYoijD+gT+hx8DL4G34MfnTTozT130EIEP /8BXfD6UQ==</latexit><latexit sha1_base64="82FEa9K1cHWWLwJTjEPKxosXR+E=">AAADDHicb VJNi9QwGM7Ur3V03V09ChIsgodlaGYFvbkqgiDCDji7C01Z3mYy3bBJWpJ0ZSg9ehI86Q8RPAji1f/gb9Crd9N2YJ2PF9o8PO/z5P0gaSGFdVH0qxdcunzl6 rWN6/0bNzdvbW3v3D60eWkYH7Nc5uY4Bcul0HzshJP8uDAcVCr5UXr2oskfnXNjRa7fulnBEwWZFlPBwHlq9OhkO4wGURt4FZA5CJ9++f3+3rfRn4OTnd5fO slZqbh2TIK1MYkKl1RgnGCS131aWl4AO4OMxx5qUNwmVdtpjR94ZoKnufGfdrhl/3dUoKydqdQrFbhTu5xryHW5uHTTJ0kldFE6rllXaFpK7HLcjI0nwnDm5 MwDYEb4XjE7BQPM+eX0qebvWK4U6ElFX3NXxySpqN+bwzgkmBrQmZ9tc0H33ECnk222FTaWJdkbcC9lHe+tCnE4nJ976ys8U0UdDy+MdNd7/a91+dNf0HDrz aoA0/WnwGR+M2Aq6hcoJabC1yT1crXzbGGeps+Lu/1DIcvPYhUcDgckGpARCfd3URcb6C66jx4igh6jffQKHaAxYoijD+gT+hx8DL4G34MfnTTozT130EIEP /8BXfD6UQ==</latexit><latexit sha1_base64="MfAsD0/ZGiti+B0UsV5Lp5NpYYU=">AAADDHicb VLdahQxFM6OP62r1VYvvQkOghdlmWwFvayKIIjQgtsWZoZyJpudhiaZIcm0LMM8geCVvol34q3v4IN475nZgbo/B5J8nPN9OT+crFTS+Sj6Mwhu3b5zd2v73 vD+g52Hj3b3Hp+4orJcTHihCnuWgRNKGjHx0itxVloBOlPiNLt818ZPr4R1sjCf/bwUqYbcyJnk4NF1/PJ8N4xGUWd0HbAehKS3o/O9wd9kWvBKC+O5AudiF pU+rcF6yZVohknlRAn8EnIRIzSghUvrrtKGPkfPlM4Ki8d42nn/V9SgnZvrDJka/IVbjbXOTbG48rPXaS1NWXlh+CLRrFLUF7Rtm06lFdyrOQLgVmKtlF+AB e5xOMPEiGteaA1mWicfhW9iltYJzs1TGjKaWDA59razxHtrYcFTXbQjtpIV2ifw71UTH6wTaTju34PNGd7osonHN8JkH7V4dSp88YPWt1msS7CL+jTYHCcDt k5wgErRRGJO1qxmu8qX+mnrvPkbF4WtrsU6OBmPWDRixyw83O9XZps8Jc/IC8LIK3JIPpAjMiGcCPKFfCPfg6/Bj+Bn8GtBDQa95glZsuD3P05L9d4=</lat exit>
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 2¯2¯1111/2
FIG. 1. (color online) Orbital entanglement spectrum of the Ψ2¯2¯1111/2 state for N = 10 electrons at a flux 2Q = 21 on the
sphere. The two subsystems A and B with respect to which the entanglement spectrum is calculated each have NA = NB = 5
electrons and lA = lB = 11 orbitals (top panels) and lA = 12 and lB = 10 orbitals (bottom panels). The entanglement levels
are labeled by the z-component of the total orbital angular momentum of the A subsystem, LAz . For comparison we also show
the corresponding entanglement spectra for the anti-Pfaffian state, ΨaPf1/2 (right panels). The counting of low-lying levels (blue
dashes) in the top panels, from LAz = 24 (going from left to right) goes as 1, 1, 3, 5, · · · , while in the bottom panels, from
LAz = 25.5 (going from left to right) goes as 1, 2, 4, · · · , and is identical for the states within each row.
κxy = 3/2 (pi
2k2BT/(3h)), and has a six-fold topological
degeneracy when realized on a torus8,40,42.
Because ΨPf1/2 describes a half-filled Landau level, its
particle-hole conjugate ΨaPf1/2, dubbed the anti-Pfaffian
(aPf), also occurs at ν = 1/222,23. The anti-Pfaffian
is topologically distinct from the Pfaffian: it has a shift
of S = −1 on the sphere, and carries a thermal Hall
conductance of κxy = −1/2 (pi2k2BT/(3h)). Following re-
cent measurements of the thermal Hall conductance on
the ν = 5/2 FQH plateau43, there has been consider-
able interest in a particle-hole symmetric variant of the
Pfaffian state. However, the proposed candidate wave
function for this state44 does not appear to have good
overlap with the numerically-exact ground state for any
reasonable two-body interaction (see Appendix A).
To compare, the 2¯2¯111 parton state occurs at a shift
of S = −1, which is the same as the anti-Pfaffian shift
[see Eq. (14) below]. Furthermore, for small system sizes
where it can be checked, Ψ2¯2¯1111/2 has a good overlap with
the anti-Pfaffian state as well as with the numerically-
exact ground state obtained using the second Landau
level Coulomb pseudopotentials, Ψ1LL1/2 , see Table I. These
features indicate that in the thermodynamic limit Ψ2¯2¯111/2
will be in the same phase as the anti-Pfaffian.
We obtain further strong evidence linking Ψ2¯2¯1111/2 to
the anti-Pfaffian phase by comparing the entanglement
spectra of the two states. The entanglement spectrum
has been useful in characterizing many FQH states, as
the counting of low-lying entanglement levels provides
a fingerprint of the topological order of the state45. In
Fig. 1 we show the orbital entanglement spectrum46 of
the Ψ2¯2¯1111/2 state for a system of N = 10 electrons on a
sphere with flux 2Q = 21. The multiplicities of the low-
lying entanglement levels of Ψ2¯2¯1111/2 are identical to those
of the anti-Pfaffian. Thus we conclude that Ψ2¯2¯1111/2 lies in
the anti-Pfaffian phase.
We now give an analytical argument to explicitly show
that Ψ2¯2¯1111/2 lies in the anti-Pfaffian phase. The wave
function in Eq. (7) (ignoring the projection to the LLL)
can be re-written as:
Ψ2¯2¯1111/2 = Ψ1/3[Φ
2
2]
∗. (10)
Viewed in this way, we may express the state in Eq. (10)
in terms of partons ℘ = fb, comprised of a fermion f =
f1f2f3 that forms a ν = 1/3 Laughlin state (with each
fi forming a ν = 1 state), and a boson b that forms the
state described by the symmetric wave function [Φ22]
∗.
Let us then first understand the properties of the sym-
metric wave function Φ22. This state itself can be under-
stood in terms of a parton construction with b = f4f5,
where f4 and f5 each form a ν = 2 IQH state. A lat-
tice version of this state was studied explicitly in 47. The
state’s topological order can be read off using techniques
5discussed in Ref. 29,48 (see Appendix B); [Φ22]
∗ describes
a non-Abelian FQH state with central charge c = −5/2,
whose fusion rules coincide with the fusion rules of quasi-
particles in the Ising topological quantum field theory.
There is precisely one such topological quantum field the-
ory49,50.
An alternative way to realize the unique topological
order with c = −5/2 and Ising fusion rules is in terms of
the composite fermion construction. Consider the state
where we attach one unit of flux to b, and the resulting
composite fermion forms a paired state with odd angu-
lar momentum l = −3. In other words, we consider a
parton construction where b = ψ−1ψl=−3, where ψ−1 is
a fermion in a ν = −1 state and ψl=−3 is a fermion in
a l = −3 paired state. This theory has a central charge
c = −1 − 3/2 = −5/2. It is straightforward to verify
that all such composite fermion states with odd angular
momentum pairing have the same Ising fusion rules, due
to the Majorana zero mode localized at vortex cores of
odd angular momentum paired states.
Comparing the forms above, the topological order of
the original state ℘ = fb can be understood by rewriting
the parton construction as:
℘ = fb = f1f2f3ψ−1ψl=−3 = af1f2ψl=−3. (11)
Here a = f3ψ−1 is a boson, and it forms a superfluid
state (the product of two fermionic states with ν = 1
and ν = −1 is a bosonic superfluid state 51,52). Since the
boson a is trivially condensed, it does not contribute to
the topological order of ℘. This allows us to ignore a,
simplifying our parton construction to:
℘ = f1f2ψl=−3, (12)
where f1 and f2 are in ν = 1 state, and ψl=−3 describes
an angular momentum l = −3 paired state53. Such a
state is known to describe the anti-Pfaffian state54. One
can easily check that the central charge of this state is
c = 1 − 3/2 = −1/2, which matches the anti-Pfaffian
value22,23. We remark here that a similar construction
shows that the Jain 221 state21,30,31 can be thought of as
an l = +3 paired state of composite fermions.
IV. APPLICATIONS AND EXTENSIONS
The utility of the parton wave function that we have
presented in Eq. (8) is that it can be constructed for sys-
tems much larger than those accessible via brute force
particle-hole conjugation of the Pfaffian or by exact di-
agonalization. As a proof of principle, in Fig. 2 we show
the pair-correlation function and static structure factor
for a system of N = 100 electrons on the sphere ob-
tained using the Monte Carlo method described in detail
in Ref. 55. We see a “shoulder”-like bump at short dis-
tances in the pair-correlation function which is considered
to be a characteristic of non-Abelian states that involve
clustering10,12,14,56,57.
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3
<latexit sha1_base64="nfr/3NrSgq1fUil4vFbl/TB/Ux8=">AAADC3icbVJNa9RAGH439aOuVtt69DIYBA+yJLsH9WStFAURWnBtIQnlzexsOnRmEmYmlSXkFxQ86T /xJB68ePEfePRHeHeSLNT9eCGZh+d9nnk/mLQQ3Ngg+N3zNq5dv3Fz81b/9p2tu/e2d3Y/mLzUlI1pLnJ9kqJhgis2ttwKdlJohjIV7Dg9f9Xkjy+YNjxX7+2sYInETPEpp2gddTQ63faDQdAGWQXhHPgvfv15/QMADk93en/jSU5LyZSlAo2JwqCwSYXacipY3Y9Lwwqk55ixyEGFkpmkajutySPHTMg01+5TlrTs/44KpTEzmTqlRHtmlnMNuS4XlX b6LKm4KkrLFO0KTUtBbE6ascmEa0atmDmAVHPXK6FnqJFat5x+rNhHmkuJalLFb5mtozCpYrc3S4gfklijytxsWwu6fY2dTrTZVthYlmTv0B6IOhqtCok/nJ+j9RVeyqKOhlfG+Inzul/rcqe7oOHWm2WBuutPos7cZlBXsVugECTmrmZYL1e7yBbmafq8uts9lHD5WayC8XDwfBAehf7eAXSxCQ/gITyGEJ7CHryBQxgDBQaX8Bm+eJ+8r94373sn9 Xpzz31YCO/nP6rV+Ls=</latexit><latexit sha1_base64="AElU9k7XD/8FtjY3eY5PT/jDn0M=">AAADC3icbVLLbtQwFPWEVxkobYEdG4sIiQUaxTMLYEUBVSAhpFZiaKU4qm48ntSq7US2UzRE+QIkVv AbrFghtmz4A5b9CPY4yUhlHldKfHTuOb4POS2ksC6K/vSCS5evXL22cb1/4+bmra3tndvvbV4axscsl7k5SsFyKTQfO+EkPyoMB5VKfpievmzyh2fcWJHrd25W8ERBpsVUMHCeOhgdb4fRIGoDrwIyB+Gz3+evvt39eL5/vNP7Syc5KxXXjkmwNiZR4ZIKjBNM8rpPS8sLYKeQ8dhDDYrbpGo7rfEDz0zwNDf+0w637P+OCpS1M5V6pQJ3YpdzDbkuF5 du+iSphC5KxzXrCk1LiV2Om7HxRBjOnJx5AMwI3ytmJ2CAOb+cPtX8A8uVAj2p6Bvu6pgkFfV7cxiHBFMDOvOzbS7oXhjodLLNtsLGsiR7C25P1vFoVYjD4fwcra/wXBV1PLww0kfe63+ty5/+goZbb1YFmK4/BSbzmwFTUb9AKTEVviapl6udZQvzNH1e3O0fCll+FqtgPBw8HZADEu7uoS420D10Hz1EBD1Gu+g12kdjxBBHn9AX9DX4HHwPfgQ/O 2nQm3vuoIUIfv0DCRX6GA==</latexit><latexit sha1_base64="AElU9k7XD/8FtjY3eY5PT/jDn0M=">AAADC3icbVLLbtQwFPWEVxkobYEdG4sIiQUaxTMLYEUBVSAhpFZiaKU4qm48ntSq7US2UzRE+QIkVv AbrFghtmz4A5b9CPY4yUhlHldKfHTuOb4POS2ksC6K/vSCS5evXL22cb1/4+bmra3tndvvbV4axscsl7k5SsFyKTQfO+EkPyoMB5VKfpievmzyh2fcWJHrd25W8ERBpsVUMHCeOhgdb4fRIGoDrwIyB+Gz3+evvt39eL5/vNP7Syc5KxXXjkmwNiZR4ZIKjBNM8rpPS8sLYKeQ8dhDDYrbpGo7rfEDz0zwNDf+0w637P+OCpS1M5V6pQJ3YpdzDbkuF5 du+iSphC5KxzXrCk1LiV2Om7HxRBjOnJx5AMwI3ytmJ2CAOb+cPtX8A8uVAj2p6Bvu6pgkFfV7cxiHBFMDOvOzbS7oXhjodLLNtsLGsiR7C25P1vFoVYjD4fwcra/wXBV1PLww0kfe63+ty5/+goZbb1YFmK4/BSbzmwFTUb9AKTEVviapl6udZQvzNH1e3O0fCll+FqtgPBw8HZADEu7uoS420D10Hz1EBD1Gu+g12kdjxBBHn9AX9DX4HHwPfgQ/O 2nQm3vuoIUIfv0DCRX6GA==</latexit><latexit sha1_base64="LEofaZSezRDy6MMfb1hzUDWToN4=">AAADC3icbVLNihQxEM60f+vo6q4evQQbwYMM3TOH1duqLAgi7ILjLnSapTqT6Q2bpJukemVo+gkET/ omnsSrD+GDeDfd07DOT0GSj6rvS/1QWamkwyj6Mwhu3Lx1+87O3eG9+7sPHu7tP/rkispyMeWFKuxZBk4oacQUJSpxVloBOlPiNLt828ZPr4R1sjAfcVGKVENu5FxyQO86mZzvhdEo6oxugrgHIent+Hx/8JfNCl5pYZArcC6JoxLTGixKrkQzZJUTJfBLyEXioQEtXFp3lTb0mffM6Lyw/hiknfd/RQ3auYXOPFMDXrj1WOvcFksqnL9Ma2nKCoXhy0 TzSlEsaNs2nUkrOKqFB8Ct9LVSfgEWOPrhDJkRn3mhNZhZzd4LbJI4rZmfG1IaxpRZMLnvbXeF98bCkqe6aEdsJWu0D4BHqkkmm0Qajvt3sj3Da102yfhayF54rb86lX/9B61vu1iXYJf1abC5nwzYmvkBKkWZ9DnjZj3bVb7ST1vn9d9+UeL1tdgE0/Ho1Sg+icPDo35jdsgT8pQ8JzE5IIfkHTkmU8KJIF/IN/I9+Br8CH4Gv5bUYNBrHpMVC37/A 1k+9co=</latexit>
2
<latexit sha1_base64="B+6bGanWlOxXNGvEThpjtPtPQAA=">AAADC3icbVJNa9RAGH43ftXValuPXgaD4EGWZHtQT9aWolCEFlxbSEJ5MzubDp2ZhJlJZQn5BUJP+k 88iQcvXvoPPPojvDtJFup+vJDMw/M+z7wfTFoIbmwQ/O55N27eun1n7W7/3v31Bw83Nrc+mrzUlI1oLnJ9kqJhgis2stwKdlJohjIV7Dg932vyxxdMG56rD3ZasERipviEU7SOOhqebvjBIGiDLINwBvzXV3/e/gSAw9PN3t94nNNSMmWpQGOiMChsUqG2nApW9+PSsALpOWYsclChZCap2k5r8tQxYzLJtfuUJS37v6NCacxUpk4p0Z6ZxVxDrspFpZ 28TCquitIyRbtCk1IQm5NmbDLmmlErpg4g1dz1SugZaqTWLacfK/aJ5lKiGlfxAbN1FCZV7PZmCfFDEmtUmZttfU63q7HTiTbbChvLguw92n1RR9vLQuIPZ+f26gpvZFFHw2tj/Nx53a91udNd0HCrzbJA3fUnUWduM6ir2C1QCBJzVzOsF6tdZHPzNH1e3+0eSrj4LJbBaDh4NQiPQn9nH7pYg8fwBJ5BCC9gB97BIYyAAoPP8AW+epfeN++796OTe r2Z5xHMhffrH6gu+Lo=</latexit><latexit sha1_base64="1CsztAlLtDiMfTxtmDqx/M+D4lU=">AAADC3icbVLLbtQwFPWEVxkobYEdG4sIiQUaxdMFsGoBVSAhpFZiaKU4qm48ntSq7US202qI8gVIrO A3WLFCbNnwByz7EexxkpHKPK6U+Ojcc3wfclpIYV0U/ekFV65eu35j7Wb/1u31OxubW3c/2Lw0jI9YLnNzlILlUmg+csJJflQYDiqV/DA9fdXkD8+4sSLX79204ImCTIuJYOA8dTA83gyjQdQGXgZkBsKd3xevv93/eLF/vNX7S8c5KxXXjkmwNiZR4ZIKjBNM8rpPS8sLYKeQ8dhDDYrbpGo7rfEjz4zxJDf+0w637P+OCpS1U5V6pQJ3YhdzDbkqF5 du8iyphC5KxzXrCk1KiV2Om7HxWBjOnJx6AMwI3ytmJ2CAOb+cPtX8nOVKgR5X9C13dUySivq9OYxDgqkBnfnZ1ud0Lw10OtlmW2FjWZC9A7cn63h7WYjD4ezcXl3hhSrqeHhppE+81/9alz/9BQ232qwKMF1/CkzmNwOmon6BUmIqfE1SL1Y7y+bmafq8vNs/FLL4LJbBaDh4PiAHJNzdQ12soQfoIXqMCHqKdtEbtI9GiCGOPqEv6GvwOfge/Ah+d tKgN/PcQ3MR/PoHBm76Fw==</latexit><latexit sha1_base64="1CsztAlLtDiMfTxtmDqx/M+D4lU=">AAADC3icbVLLbtQwFPWEVxkobYEdG4sIiQUaxdMFsGoBVSAhpFZiaKU4qm48ntSq7US202qI8gVIrO A3WLFCbNnwByz7EexxkpHKPK6U+Ojcc3wfclpIYV0U/ekFV65eu35j7Wb/1u31OxubW3c/2Lw0jI9YLnNzlILlUmg+csJJflQYDiqV/DA9fdXkD8+4sSLX79204ImCTIuJYOA8dTA83gyjQdQGXgZkBsKd3xevv93/eLF/vNX7S8c5KxXXjkmwNiZR4ZIKjBNM8rpPS8sLYKeQ8dhDDYrbpGo7rfEjz4zxJDf+0w637P+OCpS1U5V6pQJ3YhdzDbkqF5 du8iyphC5KxzXrCk1KiV2Om7HxWBjOnJx6AMwI3ytmJ2CAOb+cPtX8nOVKgR5X9C13dUySivq9OYxDgqkBnfnZ1ud0Lw10OtlmW2FjWZC9A7cn63h7WYjD4ezcXl3hhSrqeHhppE+81/9alz/9BQ232qwKMF1/CkzmNwOmon6BUmIqfE1SL1Y7y+bmafq8vNs/FLL4LJbBaDh4PiAHJNzdQ12soQfoIXqMCHqKdtEbtI9GiCGOPqEv6GvwOfge/Ah+d tKgN/PcQ3MR/PoHBm76Fw==</latexit><latexit sha1_base64="9O2DIn6cCM/7cb6jatNgwR6MPxs=">AAADC3icbVLNahRBEO4d/+JqNNGjl8ZB8CDLzOYQvSVKQBAhAdcEpodQ09s7adLdM3TXJCzDPIHgSd /Ek3j1IXwQ7/bMDsT9Kejuj6rv6/qhslJJh1H0ZxDcun3n7r2t+8MHD7cfPd7ZffLZFZXlYsILVdizDJxQ0ogJSlTirLQCdKbEaXb5ro2fXgnrZGE+4bwUqYbcyJnkgN51Mj7fCaNR1BldB3EPQtLb8fnu4C+bFrzSwiBX4FwSRyWmNViUXIlmyConSuCXkIvEQwNauLTuKm3oC++Z0llh/TFIO+//ihq0c3OdeaYGvHCrsda5KZZUOHud1tKUFQrDF4 lmlaJY0LZtOpVWcFRzD4Bb6Wul/AIscPTDGTIjrnmhNZhpzT4IbJI4rZmfG1IaxpRZMLnvbXuJ99bCgqe6aEdsJSu0j4BHqkn21ok0HPfv3uYMh7pskvGNkL3yWn91Kv/6D1rfZrEuwS7q02BzPxmwNfMDVIoy6XPGzWq2q3ypn7bOm7/9osSra7EOJuPRm1F8EocHR/3GbJFn5Dl5SWKyTw7Ie3JMJoQTQb6Qb+R78DX4EfwMfi2owaDXPCVLFvz+B 1aX9ck=</latexit>
1
<latexit sha1_base64="KH9jscDgBeP2g5YbW9KR/W34lz4=">AAADC3icbVJNa9RAGH43ftXVaqtHL4NB8CBLZntQT1ZLURChBdcWklDezM5uh85MwsyksoT8AqEn/S eexIMXL/4Dj/4I706ShbofLyTz8LzPM+8HkxVSWBdFv3vBlavXrt/YuNm/dXvzzt2t7XsfbF4axkcsl7k5ztByKTQfOeEkPy4MR5VJfpSd7TX5o3NurMj1ezcreKpwqsVEMHSeOqQnW2E0iNogq4DOQfji15/XPwDg4GS79zcZ56xUXDsm0dqYRoVLKzROMMnrflJaXiA7wymPPdSouE2rttOaPPLMmExy4z/tSMv+76hQWTtTmVcqdKd2OdeQ63Jx6S bP0kroonRcs67QpJTE5aQZm4yF4czJmQfIjPC9EnaKBpnzy+knmn9kuVKox1Xylrs6pmmV+L05QkJKEoN66mfbXNC9MtjpZJtthY1lSfYO3b6s451VIQmH83NnfYWXqqjj4aUxeeK9/te6/OkvaLj1ZlWg6fpTaKZ+M2iqxC9QSpIIX5PWy9XOpwvzNH1e3u0fCl1+FqtgNBw8H9BDGu7uQxcb8AAewmOg8BR24Q0cwAgYcPgEn+FLcBF8Db4F3ztp0 Jt77sNCBD//AaWH+Lk=</latexit><latexit sha1_base64="0M2pRzqP3n8LTh+SO8b48Q8gaCw=">AAADB3icbVLLbtQwFPWEVxkotIgdG4sIiQUaxdMFsKK0qkCqkIrE0EpxVN14PKlV24lsp2ga5QsqsY LfYMWKLbv+Act+BHucZKQyjyslPjr3HN+HnBZSWBdFf3rBjZu3bt9Zu9u/d3/9wcON/uZnm5eG8RHLZW6OUrBcCs1HTjjJjwrDQaWSH6anu03+8IwbK3L9yU0LnijItJgIBs5TH8nxRhgNojbwMiAzEL65vHr34/H51cHxZu8vHeesVFw7JsHamESFSyowTjDJ6z4tLS+AnULGYw81KG6Tqu20xs88M8aT3PhPO9yy/zsqUNZOVeqVCtyJXcw15KpcXL rJq6QSuigd16wrNCkldjluxsZjYThzcuoBMCN8r5idgAHm/HL6VPMvLFcK9Lii+9zVMUkq6vfmMA4JpgZ05mdbn9PtGOh0ss22wsayIPsAbk/W8dayEIfD2bm1usJbVdTx8NpIX3iv/7Uuf/oLGm61WRVguv4UmMxvBkxF/QKlxFT4mqRerHaWzc3T9Hl9t38oZPFZLIPRcPB6QMLtPdTFGnqCnqLniKCXaBu9RwdohBji6AJ9Q9+Dr8HP4FcnDHozx yM0F8Hvf9j1+Ms=</latexit><latexit sha1_base64="0M2pRzqP3n8LTh+SO8b48Q8gaCw=">AAADB3icbVLLbtQwFPWEVxkotIgdG4sIiQUaxdMFsKK0qkCqkIrE0EpxVN14PKlV24lsp2ga5QsqsY LfYMWKLbv+Act+BHucZKQyjyslPjr3HN+HnBZSWBdFf3rBjZu3bt9Zu9u/d3/9wcON/uZnm5eG8RHLZW6OUrBcCs1HTjjJjwrDQaWSH6anu03+8IwbK3L9yU0LnijItJgIBs5TH8nxRhgNojbwMiAzEL65vHr34/H51cHxZu8vHeesVFw7JsHamESFSyowTjDJ6z4tLS+AnULGYw81KG6Tqu20xs88M8aT3PhPO9yy/zsqUNZOVeqVCtyJXcw15KpcXL rJq6QSuigd16wrNCkldjluxsZjYThzcuoBMCN8r5idgAHm/HL6VPMvLFcK9Lii+9zVMUkq6vfmMA4JpgZ05mdbn9PtGOh0ss22wsayIPsAbk/W8dayEIfD2bm1usJbVdTx8NpIX3iv/7Uuf/oLGm61WRVguv4UmMxvBkxF/QKlxFT4mqRerHaWzc3T9Hl9t38oZPFZLIPRcPB6QMLtPdTFGnqCnqLniKCXaBu9RwdohBji6AJ9Q9+Dr8HP4FcnDHozx yM0F8Hvf9j1+Ms=</latexit><latexit sha1_base64="g59VSiNOMh6cSLY8dHjtgXBLBXg=">AAADB3icbVLNatwwENa6f+m2aZJecxE1hR7KYm0ObW5pS6AQCil0m4BtwlirdUQk2UjjlMX4CQo9tW /SU695ijxI75W9hnR/BiR9zHyf5ofJSiUdRtHtILh3/8HDR1uPh0+ebj/b2R3ufXVFZbmY8EIV9jwDJ5Q0YoISlTgvrQCdKXGWXX1o42fXwjpZmC84L0WqITdyJjmgd31mF7thNIo6o+uA9SAkvZ1e7A3+JtOCV1oY5Aqci1lUYlqDRcmVaIZJ5UQJ/ApyEXtoQAuX1l2lDX3pPVM6K6w/Bmnn/V9Rg3ZurjPP1ICXbjXWOjfF4gpnb9NamrJCYfgi0a xSFAvatk2n0gqOau4BcCt9rZRfggWOfjjDxIhvvNAazLROTgQ2MUvrxM8NKQ0ZTSyY3Pe2vcR7b2HBU120I7aSFdonwGPVxAfrRBqO+/dgc4Z3umzi8Z0wee21/upU/vUftL7NYl2CXdSnweZ+MmDrxA9QKZpIn5M1q9mu86V+2jrv/vaLwlbXYh1MxqPDEQuPjvt92SL75AV5RRh5Q47IR3JKJoQTQb6Tn+RX8CP4HfxZEINBr3hOliy4+Qc6ZfR9< /latexit>
0.0
<latexit sha1_base64="p4iOprmTjjyeUhQH+05QSvuMjT4=">AAADDXicbVLNahRBEK6d+JOsRhM9emkcBA+yzGwOJiejISiIENE1gZkh1PT2Tpp09wzdPZFlmEcQPO mbeJLgTfANPPoQ3u2ZWYj7U9BdH1Xf1/VDp4XgxgbB7563du36jZvrG/1btzfv3N3avvfB5KWmbERzkeuTFA0TXLGR5Vawk0IzlKlgx+n5QZM/vmDa8Fy9t9OCJRIzxSeconWhd8EgON3y3d0aWQbhDPjPfv15+QMAjk63e3/jcU5LyZSlAo2JwqCwSYXacipY3Y9Lwwqk55ixyEGFkpmkanutySMXGZNJrt1RlrTR/xUVSmOmMnVMifbMLOaa4KpcVN rJblJxVZSWKdoVmpSC2Jw0g5Mx14xaMXUAqeauV0LPUCO1bj39WLGPNJcS1biKXzNbR2FSxW5zlhA/JLFGlbnZNud4LzR2PNFmW2IjWaC9QXso6mhnmUj84czvrK7wXBZ1NLwSxk+c1l2tynn3QBNbLZYF6q4/iTpzm0FdxW6BQpCYu5phvVjtIpubp+nz6m33UcLFb7EMRsPB3iB8G/r7h9DZOjyAh/AYQngK+/AKjmAEFDL4BF/gq/fZ++Z99y47q tebae7DnHk//wHo3/kq</latexit><latexit sha1_base64="EYbKq6POOp5zH+biED8EOM6haPw=">AAADDXicbVLNahRBEO4d/+JqTKLevDQOggdZZjYH9WRUggERIromMDOEmt7eSZPunqG7J7IO8wiCJ3 0Lj56CV8E38JiH8G7NzELcn4Lu+qj6vq4fOi2ksC4I/vS8S5evXL22dr1/4+b6rY3NrdsfbF4axkcsl7k5TMFyKTQfOeEkPywMB5VKfpCevGzyB6fcWJHr925a8ERBpsVEMHAYehcMgqNNH+/W6DIIZ8B/9vv81fe7n873j7Z6f+NxzkrFtWMSrI3CoHBJBcYJJnndj0vLC2AnkPEIoQbFbVK1vdb0AUbGdJIbPNrRNvq/ogJl7VSlyFTgju1irgmuyk WlmzxJKqGL0nHNukKTUlKX02ZwOhaGMyenCIAZgb1SdgwGmMP19GPNP7JcKdDjKn7NXR2FSRXj5hylfkhjAzrD2dbneC8MdDzZZltiI1mgvQG3K+toe5lI/eHMb6+u8FwVdTS8EMaPUItXq0KPDzSx1WJVgOn6U2Ay3AyYKsYFSkljgTXDerHaaTY3T9Pnxdv4UcLFb7EMRsPB00H4NvR3dklna+QeuU8ekpA8Jjtkj+yTEWEkI5/JV/LN++L98M68n x3V6800d8iceb/+AUcf+oc=</latexit><latexit sha1_base64="EYbKq6POOp5zH+biED8EOM6haPw=">AAADDXicbVLNahRBEO4d/+JqTKLevDQOggdZZjYH9WRUggERIromMDOEmt7eSZPunqG7J7IO8wiCJ3 0Lj56CV8E38JiH8G7NzELcn4Lu+qj6vq4fOi2ksC4I/vS8S5evXL22dr1/4+b6rY3NrdsfbF4axkcsl7k5TMFyKTQfOeEkPywMB5VKfpCevGzyB6fcWJHr925a8ERBpsVEMHAYehcMgqNNH+/W6DIIZ8B/9vv81fe7n873j7Z6f+NxzkrFtWMSrI3CoHBJBcYJJnndj0vLC2AnkPEIoQbFbVK1vdb0AUbGdJIbPNrRNvq/ogJl7VSlyFTgju1irgmuyk WlmzxJKqGL0nHNukKTUlKX02ZwOhaGMyenCIAZgb1SdgwGmMP19GPNP7JcKdDjKn7NXR2FSRXj5hylfkhjAzrD2dbneC8MdDzZZltiI1mgvQG3K+toe5lI/eHMb6+u8FwVdTS8EMaPUItXq0KPDzSx1WJVgOn6U2Ay3AyYKsYFSkljgTXDerHaaTY3T9Pnxdv4UcLFb7EMRsPB00H4NvR3dklna+QeuU8ekpA8Jjtkj+yTEWEkI5/JV/LN++L98M68n x3V6800d8iceb/+AUcf+oc=</latexit><latexit sha1_base64="9Rltu3OgUlXUdgkHA+B0Y0Zt9GE=">AAADDXicbVLNahRBEO4d/+JqNNGjl8ZB8CDLzOYQvSVKQBAhomsC00Oo6e2dNOnuGbp7EpZhHkHwpG /iSbz6DD6Id2tmB+L+FHT3R9X3df1QWamk81H0ZxDcuHnr9p2tu8N797cfPNzZffTZFZXlYsILVdjTDJxQ0oiJl16J09IK0JkSJ9nFmzZ+cimsk4X55OelSDXkRs4kB4+uj9EoOtsJ8e6MroO4ByHp7fhsd/CXTQteaWE8V+BcEkelT2uwXnIlmiGrnCiBX0AuEoQGtHBp3dXa0GfomdJZYfEYTzvv/4oatHNznSFTgz93q7HWuSmWVH72Mq2lKSsvDF 8kmlWK+oK2jdOptIJ7NUcA3EqslfJzsMA9jmfIjLjihdZgpjV7J3yTxGnNcHKe0jCmzILJsbftJd5rCwue6qIdsZWs0N6DP1JNsrdOpOG4f/c2ZzjUZZOMr4XsBWrx6lT44getb7NYl2AX9WmwOU4GbM1wgEpRJjFn3Kxmu8yX+mnrvP4bFyVeXYt1MBmPXo3iD3F4cNRvzBZ5Qp6S5yQm++SAvCXHZEI4yckX8o18D74GP4Kfwa8FNRj0msdkyYLf/ wCXSPY5</latexit>
0.2
<latexit sha1_base64="R17iaJlW6vlnkGcr7Rhokn7b1cY=">AAADDXicbVJNa9RAGH439aNdrbZ69DIYBA+yJNuD7clqKQoiVHRtIQnlzexsOnRmEmYmlSXkJwie9J 94kuJN8B949Ed4d5Is1P14IZmH532eeT+YtBDc2CD43fPWrl2/cXN9o3/r9uadu1vb9z6YvNSUjWgucn2SomGCKzay3Ap2UmiGMhXsOD0/aPLHF0wbnqv3dlqwRGKm+IRTtI56FwyGp1t+MAjaIMsgnAH/2a8/L38AwNHpdu9vPM5pKZmyVKAxURgUNqlQW04Fq/txaViB9BwzFjmoUDKTVG2vNXnkmDGZ5Np9ypKW/d9RoTRmKlOnlGjPzGKuIVflot JOdpOKq6K0TNGu0KQUxOakGZyMuWbUiqkDSDV3vRJ6hhqpdevpx4p9pLmUqMZV/JrZOgqTKnabs4T4IYk1qszNtjmne6Gx04k22woby4LsDdpDUUc7y0LiD2fnzuoKz2VRR8MrY/zEed2vdbnTXdBwq82yQN31J1FnbjOoq9gtUAgSc1czrBerXWRz8zR9Xt3tHkq4+CyWwWg42BuEb0N//xC6WIcH8BAeQwhPYR9ewRGMgEIGn+ALfPU+e9+8795lJ /V6M899mAvv5z/uLfks</latexit><latexit sha1_base64="vqkwjUOKuhvD8psrKlLg6qmpGO0=">AAADDXicbVJNaxQxGM6OX3W1tlVvXoKD4EGWyfagnqxKsSBCRdcWJkN5J5udhiaZIclU1mF+guBJ/4 VHT8Wr4D/w2B/h3czMQt2PF2by8LzPk/eDpIUU1kXRn15w6fKVq9fWrvdv3Fy/tbG5dfuDzUvD+IjlMjeHKVguheYjJ5zkh4XhoFLJD9KTl03+4JQbK3L93k0LnijItJgIBs5T76LB8GgzjAZRG3gZkBkIn/0+f/X97qfz/aOt3l86zlmpuHZMgrUxiQqXVGCcYJLXfVpaXgA7gYzHHmpQ3CZV22uNH3hmjCe58Z92uGX/d1SgrJ2q1CsVuGO7mGvIVb m4dJMnSSV0UTquWVdoUkrsctwMjsfCcObk1ANgRvheMTsGA8z59fSp5h9ZrhTocUVfc1fHJKmo35zDOCSYGtCZn219TvfCQKeTbbYVNpYF2Rtwu7KOt5eFOBzOzu3VFZ6roo6HF0b6yHv9r3X501/QcKvNqgDT9afAZH4zYCrqFyglpsLXJPVitdNsbp6mz4u7/UMhi89iGYyGg6cD8paEO7uoizV0D91HDxFBj9EO2kP7aIQYytBn9BV9C74EP4Kz4 GcnDXozzx00F8Gvf0xt+ok=</latexit><latexit sha1_base64="vqkwjUOKuhvD8psrKlLg6qmpGO0=">AAADDXicbVJNaxQxGM6OX3W1tlVvXoKD4EGWyfagnqxKsSBCRdcWJkN5J5udhiaZIclU1mF+guBJ/4 VHT8Wr4D/w2B/h3czMQt2PF2by8LzPk/eDpIUU1kXRn15w6fKVq9fWrvdv3Fy/tbG5dfuDzUvD+IjlMjeHKVguheYjJ5zkh4XhoFLJD9KTl03+4JQbK3L93k0LnijItJgIBs5T76LB8GgzjAZRG3gZkBkIn/0+f/X97qfz/aOt3l86zlmpuHZMgrUxiQqXVGCcYJLXfVpaXgA7gYzHHmpQ3CZV22uNH3hmjCe58Z92uGX/d1SgrJ2q1CsVuGO7mGvIVb m4dJMnSSV0UTquWVdoUkrsctwMjsfCcObk1ANgRvheMTsGA8z59fSp5h9ZrhTocUVfc1fHJKmo35zDOCSYGtCZn219TvfCQKeTbbYVNpYF2Rtwu7KOt5eFOBzOzu3VFZ6roo6HF0b6yHv9r3X501/QcKvNqgDT9afAZH4zYCrqFyglpsLXJPVitdNsbp6mz4u7/UMhi89iGYyGg6cD8paEO7uoizV0D91HDxFBj9EO2kP7aIQYytBn9BV9C74EP4Kz4 GcnDXozzx00F8Gvf0xt+ok=</latexit><latexit sha1_base64="mRDwRyR3E3WHmXjHX5tInlFE1fo=">AAADDXicbVLNahRBEO4d/+JqNNGjl8ZB8CDLzOYQvSVKQBAhomsC00Oo6e2dNOnuGbp7EpZhHkHwpG /iSbz6DD6Id2tmB+L+FHT3R9X3df1QWamk81H0ZxDcuHnr9p2tu8N797cfPNzZffTZFZXlYsILVdjTDJxQ0oiJl16J09IK0JkSJ9nFmzZ+cimsk4X55OelSDXkRs4kB4+uj9FofLYTRqOoM7oO4h6EpLfjs93BXzYteKWF8VyBc0kclT6twXrJlWiGrHKiBH4BuUgQGtDCpXVXa0OfoWdKZ4XFYzztvP8ratDOzXWGTA3+3K3GWuemWFL52cu0lqasvD B8kWhWKeoL2jZOp9IK7tUcAXArsVbKz8EC9zieITPiihdag5nW7J3wTRKnNcPJeUrDmDILJsfetpd4ry0seKqLdsRWskJ7D/5INcneOpGG4/7d25zhUJdNMr4WsheoxatT4YsftL7NYl2CXdSnweY4GbA1wwEqRZnEnHGzmu0yX+qnrfP6b1yUeHUt1sFkPHo1ij/E4cFRvzFb5Al5Sp6TmOyTA/KWHJMJ4SQnX8g38j34GvwIfga/FtRg0GsekyULf v8DnJb2Ow==</latexit>
0.4
<latexit sha1_base64="542BNaqA7oevHN3Bo/MnyekpPA4=">AAADDXicbVJda9RAFL2b+tGuVtv66MtgEHyQJdkW1CerUhREqOjaQhLKzexsOnRmEmYmlSXkJwg+6T /xqYhvgv/AR3+E706ShbofF5I5nHvO3A8mLQQ3Ngh+97y1K1evXV/f6N+4uXnr9tb2zgeTl5qyEc1Fro9TNExwxUaWW8GOC81QpoIdpWcvmvzROdOG5+q9nRYskZgpPuEUraPeBYO9ky0/GARtkGUQzoD/9Neflz8A4PBku/c3Hue0lExZKtCYKAwKm1SoLaeC1f24NKxAeoYZixxUKJlJqrbXmtx3zJhMcu0+ZUnL/u+oUBozlalTSrSnZjHXkKtyUW knj5OKq6K0TNGu0KQUxOakGZyMuWbUiqkDSDV3vRJ6ihqpdevpx4p9pLmUqMZV/JrZOgqTKnabs4T4IYk1qszNtjmne66x04k22woby4LsDdoDUUe7y0LiD2fn7uoKz2RRR8NLY/zQed2vdbnTXdBwq82yQN31J1FnbjOoq9gtUAgSc1czrBernWdz8zR9Xt7tHkq4+CyWwWg4eDII34b+/gF0sQ534R48gBAewT68gkMYAYUMPsEX+Op99r55F973T ur1Zp47MBfez3/ze/ku</latexit><latexit sha1_base64="LB9ne2f45SkdYzy3WdTO/231k5w=">AAADDXicbVJNaxQxGM6OX3W12qo3L8FB8CDLZCvYnqxKURChomsLk6G8k81OQ5PMkGQq6zA/QfCk/8 KjJ/Eq+A889kd4NzOzUPfjhZk8PO/z5P0gaSGFdVH0pxdcuHjp8pW1q/1r19dv3NzYvPXe5qVhfMRymZvDFCyXQvORE07yw8JwUKnkB+nJ8yZ/cMqNFbl+56YFTxRkWkwEA+ept9Hg0dFGGA2iNvAyIDMQPvl99uLbnY9n+0ebvb90nLNSce2YBGtjEhUuqcA4wSSv+7S0vAB2AhmPPdSguE2qttca3/fMGE9y4z/tcMv+76hAWTtVqVcqcMd2MdeQq3 Jx6SbbSSV0UTquWVdoUkrsctwMjsfCcObk1ANgRvheMTsGA8z59fSp5h9YrhTocUVfcVfHJKmo35zDOCSYGtCZn219TvfMQKeTbbYVNpYF2Wtwe7KOt5aFOBzOzq3VFZ6qoo6H50b60Hv9r3X501/QcKvNqgDT9afAZH4zYCrqFyglpsLXJPVitdNsbp6mz/O7/UMhi89iGYyGg50BeUPC3T3UxRq6i+6hB4igx2gXvUT7aIQYytAn9AV9DT4H34Mfw c9OGvRmnttoLoJf/wBRu/qL</latexit><latexit sha1_base64="LB9ne2f45SkdYzy3WdTO/231k5w=">AAADDXicbVJNaxQxGM6OX3W12qo3L8FB8CDLZCvYnqxKURChomsLk6G8k81OQ5PMkGQq6zA/QfCk/8 KjJ/Eq+A889kd4NzOzUPfjhZk8PO/z5P0gaSGFdVH0pxdcuHjp8pW1q/1r19dv3NzYvPXe5qVhfMRymZvDFCyXQvORE07yw8JwUKnkB+nJ8yZ/cMqNFbl+56YFTxRkWkwEA+ept9Hg0dFGGA2iNvAyIDMQPvl99uLbnY9n+0ebvb90nLNSce2YBGtjEhUuqcA4wSSv+7S0vAB2AhmPPdSguE2qttca3/fMGE9y4z/tcMv+76hAWTtVqVcqcMd2MdeQq3 Jx6SbbSSV0UTquWVdoUkrsctwMjsfCcObk1ANgRvheMTsGA8z59fSp5h9YrhTocUVfcVfHJKmo35zDOCSYGtCZn219TvfMQKeTbbYVNpYF2Wtwe7KOt5aFOBzOzq3VFZ6qoo6H50b60Hv9r3X501/QcKvNqgDT9afAZH4zYCrqFyglpsLXJPVitdNsbp6mz/O7/UMhi89iGYyGg50BeUPC3T3UxRq6i+6hB4igx2gXvUT7aIQYytAn9AV9DT4H34Mfw c9OGvRmnttoLoJf/wBRu/qL</latexit><latexit sha1_base64="xRrLXFHt6kJabMi7hHOdcOVJZx8=">AAADDXicbVLdahQxFM6OP62r1VYvvQkOgheyzGwF7V1VCoIIFV1bmAzlTDY7DU0yQ5KpLMM8guCVvo lX4q3P4IN475nZgbo/B5J8nPN9OT+crFTS+Sj6MwiuXb9xc2v71vD2nZ2793b37n9yRWW5mPBCFfY0AyeUNGLipVfitLQCdKbESXbxuo2fXArrZGE++nkpUg25kTPJwaPrQzR6drYbRqOoM7oO4h6EpLfjs73BXzYteKWF8VyBc0kclT6twXrJlWiGrHKiBH4BuUgQGtDCpXVXa0Mfo2dKZ4XFYzztvP8ratDOzXWGTA3+3K3GWuemWFL52Yu0lqasvD B8kWhWKeoL2jZOp9IK7tUcAXArsVbKz8EC9zieITPiMy+0BjOt2VvhmyROa4aT85SGMWUWTI697SzxXllY8FQX7YitZIX2DvyRapL9dSINx/27vznDS102yfhKyJ6iFq9OhS9+0Po2i3UJdlGfBpvjZMDWDAeoFGUSc8bNarbLfKmfts6rv3FR4tW1WAeT8ehgFL+Pw8OjfmO2yUPyiDwhMXlODskbckwmhJOcfCHfyPfga/Aj+Bn8WlCDQa95QJYs+ P0PoeT2PQ==</latexit>
0.6
<latexit sha1_base64="62Pg6wu2ML4/ABVn/sC8htHtgks=">AAADDXicbVJda9RAFL2b+tGuVtv66MtgEHyQJdlC1SerUhREqOjaQhLKzexsOnRmEmYmlSXkJwg+6T /xqYhvgv/AR3+E706ShbofF5I5nHvO3A8mLQQ3Ngh+97y1K1evXV/f6N+4uXnr9tb2zgeTl5qyEc1Fro9TNExwxUaWW8GOC81QpoIdpWcvmvzROdOG5+q9nRYskZgpPuEUraPeBYO9ky0/GARtkGUQzoD/9Neflz8A4PBku/c3Hue0lExZKtCYKAwKm1SoLaeC1f24NKxAeoYZixxUKJlJqrbXmtx3zJhMcu0+ZUnL/u+oUBozlalTSrSnZjHXkKtyUW knj5OKq6K0TNGu0KQUxOakGZyMuWbUiqkDSDV3vRJ6ihqpdevpx4p9pLmUqMZV/JrZOgqTKnabs4T4IYk1qszNtjmne66x04k22woby4LsDdoDUUe7y0LiD2fn7uoKz2RRR8NLY/zQed2vdbnTXdBwq82yQN31J1FnbjOoq9gtUAgSc1czrBernWdz8zR9Xt7tHkq4+CyWwWg4eDII34b+/gF0sQ534R48gBAewT68gkMYAYUMPsEX+Op99r55F973T ur1Zp47MBfez3/4yfkw</latexit><latexit sha1_base64="yl//iF9UcjN0xdLu27RNFdsxuAE=">AAADDXicbVJNaxQxGM6OX3W12qo3L8FB8CDLZAvanqxKURChomsLk6G8k81OQ5PMkGQq6zA/QfCk/8 KjJ/Eq+A889kd4NzOzUPfjhZk8PO/z5P0gaSGFdVH0pxdcuHjp8pW1q/1r19dv3NzYvPXe5qVhfMRymZvDFCyXQvORE07yw8JwUKnkB+nJ8yZ/cMqNFbl+56YFTxRkWkwEA+ept9Hg0dFGGA2iNvAyIDMQPvl99uLbnY9n+0ebvb90nLNSce2YBGtjEhUuqcA4wSSv+7S0vAB2AhmPPdSguE2qttca3/fMGE9y4z/tcMv+76hAWTtVqVcqcMd2MdeQq3 Jx6SbbSSV0UTquWVdoUkrsctwMjsfCcObk1ANgRvheMTsGA8z59fSp5h9YrhTocUVfcVfHJKmo35zDOCSYGtCZn219TvfMQKeTbbYVNpYF2Wtwe7KOt5aFOBzOzq3VFZ6qoo6H50b60Hv9r3X501/QcKvNqgDT9afAZH4zYCrqFyglpsLXJPVitdNsbp6mz/O7/UMhi89iGYyGg50BeUPC3T3UxRq6i+6hB4igx2gXvUT7aIQYytAn9AV9DT4H34Mfw c9OGvRmnttoLoJf/wBXCfqN</latexit><latexit sha1_base64="yl//iF9UcjN0xdLu27RNFdsxuAE=">AAADDXicbVJNaxQxGM6OX3W12qo3L8FB8CDLZAvanqxKURChomsLk6G8k81OQ5PMkGQq6zA/QfCk/8 KjJ/Eq+A889kd4NzOzUPfjhZk8PO/z5P0gaSGFdVH0pxdcuHjp8pW1q/1r19dv3NzYvPXe5qVhfMRymZvDFCyXQvORE07yw8JwUKnkB+nJ8yZ/cMqNFbl+56YFTxRkWkwEA+ept9Hg0dFGGA2iNvAyIDMQPvl99uLbnY9n+0ebvb90nLNSce2YBGtjEhUuqcA4wSSv+7S0vAB2AhmPPdSguE2qttca3/fMGE9y4z/tcMv+76hAWTtVqVcqcMd2MdeQq3 Jx6SbbSSV0UTquWVdoUkrsctwMjsfCcObk1ANgRvheMTsGA8z59fSp5h9YrhTocUVfcVfHJKmo35zDOCSYGtCZn219TvfMQKeTbbYVNpYF2Wtwe7KOt5aFOBzOzq3VFZ6qoo6H50b60Hv9r3X501/QcKvNqgDT9afAZH4zYCrqFyglpsLXJPVitdNsbp6mz/O7/UMhi89iGYyGg50BeUPC3T3UxRq6i+6hB4igx2gXvUT7aIQYytAn9AV9DT4H34Mfw c9OGvRmnttoLoJf/wBXCfqN</latexit><latexit sha1_base64="IdTwKp1yi2Bmm39iVK0h7B7tI/0=">AAADDXicbVLdahQxFM6OP62r1VYvvQkOgheyzGxB7V1VCoIIFV1bmAzlTDY7DU0yQ5KpLMM8guCVvo lX4q3P4IN475nZgbo/B5J8nPN9OT+crFTS+Sj6MwiuXb9xc2v71vD2nZ2793b37n9yRWW5mPBCFfY0AyeUNGLipVfitLQCdKbESXbxuo2fXArrZGE++nkpUg25kTPJwaPrQzR6drYbRqOoM7oO4h6EpLfjs73BXzYteKWF8VyBc0kclT6twXrJlWiGrHKiBH4BuUgQGtDCpXVXa0Mfo2dKZ4XFYzztvP8ratDOzXWGTA3+3K3GWuemWFL52Yu0lqasvD B8kWhWKeoL2jZOp9IK7tUcAXArsVbKz8EC9zieITPiMy+0BjOt2VvhmyROa4aT85SGMWUWTI697SzxXllY8FQX7YitZIX2DvyRapL9dSINx/27vznDS102yfhKyJ6iFq9OhS9+0Po2i3UJdlGfBpvjZMDWDAeoFGUSc8bNarbLfKmfts6rv3FR4tW1WAeT8ehgFL+Pw8OjfmO2yUPyiDwhMXlODskbckwmhJOcfCHfyPfga/Aj+Bn8WlCDQa95QJYs+ P0PpzL2Pw==</latexit>
0.8
<latexit sha1_base64="VSfEIBICqlqzUS6gGFtkU0g3nyo=">AAADDXicbVJNa9RAGH439aOuVls9ehkMggdZku2h9WS1FAURKrq2kITyZnY2HTozCTOTyhLyEwo96T /xJOJN8B949Ed4d5Is1P14IZmH532eeT+YtBDc2CD43fPWrl2/cXP9Vv/2nY279za37n80eakpG9Fc5Po4RcMEV2xkuRXsuNAMZSrYUXq23+SPzpk2PFcf7LRgicRM8QmnaB31Phjsnmz6wSBogyyDcAb857/+vPoBAIcnW72/8TinpWTKUoHGRGFQ2KRCbTkVrO7HpWEF0jPMWOSgQslMUrW91uSxY8Zkkmv3KUta9n9HhdKYqUydUqI9NYu5hlyVi0 o72U0qrorSMkW7QpNSEJuTZnAy5ppRK6YOINXc9UroKWqk1q2nHyv2ieZSohpX8Rtm6yhMqthtzhLihyTWqDI328ac7qXGTifabCtsLAuyt2gPRB1tLwuJP5yd26srvJBFHQ2vjPFT53W/1uVOd0HDrTbLAnXXn0Sduc2grmK3QCFIzF3NsF6sdp7NzdP0eXW3eyjh4rNYBqPh4NkgfBf6ewfQxTo8hEfwBELYgT14DYcwAgoZXMBn+OJdel+9b973T ur1Zp4HMBfez3/+F/ky</latexit><latexit sha1_base64="xFlhJ+jwbMev+F7aByRYU9r+WxE=">AAADDXicbVJNaxQxGM6OX3W12qo3L8FB8CDLZHuwnlqVoiBCRdcWJkN5J5udhiaZIcm0rMP8BMGT/g uPnsSr4D/w2B/h3czMQt2PF2by8LzPk/eDpIUU1kXRn15w6fKVq9fWrvdv3Fy/dXtj884Hm5eG8RHLZW4OU7BcCs1HTjjJDwvDQaWSH6QnL5r8wSk3VuT6vZsWPFGQaTERDJyn3kWD7aONMBpEbeBlQGYg3Pl9/vLbvY/n+0ebvb90nLNSce2YBGtjEhUuqcA4wSSv+7S0vAB2AhmPPdSguE2qttcaP/TMGE9y4z/tcMv+76hAWTtVqVcqcMd2MdeQq3 Jx6SbbSSV0UTquWVdoUkrsctwMjsfCcObk1ANgRvheMTsGA8z59fSp5mcsVwr0uKKvuatjklTUb85hHBJMDejMz7Y+p3tuoNPJNtsKG8uC7A24PVnHW8tCHA5n59bqCs9UUcfDCyN97L3+17r86S9ouNVmVYDp+lNgMr8ZMBX1C5QSU+Frknqx2mk2N0/T58Xd/qGQxWexDEbDwdMBeUvC3T3UxRq6jx6gR4igJ2gXvUL7aIQYytAn9AV9DT4H34Mfw c9OGvRmnrtoLoJf/wBcV/qP</latexit><latexit sha1_base64="xFlhJ+jwbMev+F7aByRYU9r+WxE=">AAADDXicbVJNaxQxGM6OX3W12qo3L8FB8CDLZHuwnlqVoiBCRdcWJkN5J5udhiaZIcm0rMP8BMGT/g uPnsSr4D/w2B/h3czMQt2PF2by8LzPk/eDpIUU1kXRn15w6fKVq9fWrvdv3Fy/dXtj884Hm5eG8RHLZW4OU7BcCs1HTjjJDwvDQaWSH6QnL5r8wSk3VuT6vZsWPFGQaTERDJyn3kWD7aONMBpEbeBlQGYg3Pl9/vLbvY/n+0ebvb90nLNSce2YBGtjEhUuqcA4wSSv+7S0vAB2AhmPPdSguE2qttcaP/TMGE9y4z/tcMv+76hAWTtVqVcqcMd2MdeQq3 Jx6SbbSSV0UTquWVdoUkrsctwMjsfCcObk1ANgRvheMTsGA8z59fSp5mcsVwr0uKKvuatjklTUb85hHBJMDejMz7Y+p3tuoNPJNtsKG8uC7A24PVnHW8tCHA5n59bqCs9UUcfDCyN97L3+17r86S9ouNVmVYDp+lNgMr8ZMBX1C5QSU+Frknqx2mk2N0/T58Xd/qGQxWexDEbDwdMBeUvC3T3UxRq6jx6gR4igJ2gXvUL7aIQYytAn9AV9DT4H34Mfw c9OGvRmnrtoLoJf/wBcV/qP</latexit><latexit sha1_base64="eJ2hM9q7li4BqxuczBp4uOm9S34=">AAADDXicbVLNahRBEO4d/+JqNNGjl8ZB8CDLzOZgvCVKQBAhomsC00Oo6e2dNOnuGbp7EpZhHkHwpG /iSbz6DD6Id2tmB+L+FHT3R9X3df1QWamk81H0ZxDcuHnr9p2tu8N797cfPNzZffTZFZXlYsILVdjTDJxQ0oiJl16J09IK0JkSJ9nFmzZ+cimsk4X55OelSDXkRs4kB4+uj9Fo/2wnjEZRZ3QdxD0ISW/HZ7uDv2xa8EoL47kC55I4Kn1ag/WSK9EMWeVECfwCcpEgNKCFS+uu1oY+Q8+UzgqLx3jaef9X1KCdm+sMmRr8uVuNtc5NsaTys/20lqasvD B8kWhWKeoL2jZOp9IK7tUcAXArsVbKz8EC9zieITPiihdag5nW7J3wTRKnNcPJeUrDmDILJsfetpd4ry0seKqLdsRWskJ7D/5INcneOpGG4/7d25zhUJdNMr4WsheoxatT4YsftL7NYl2CXdSnweY4GbA1wwEqRZnEnHGzmu0yX+qnrfP6b1yUeHUt1sFkPHo1ij/E4cFRvzFb5Al5Sp6TmLwkB+QtOSYTwklOvpBv5HvwNfgR/Ax+LajBoNc8JksW/ P4HrID2QQ==</latexit>
1.0
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FIG. 2. (color online) Pair-correlation function g(r), where
r is the chord distance between electrons on the sphere, and
its Fourier transform, the structure factor S(q) (inset) in the
state Ψ2¯2¯1111/2 . The calculation is performed for N = 100 elec-
trons on the sphere, with flux 2Q = 201. The pair-correlation
function shows a “shoulder”-like feature at intermediate dis-
tances which is typical of non-Abelian states.
Generalizing the parton ansatz in Eq. (7), we may con-
struct a family of wave functions of the form:
Ψ n
pn±k = PLLLΦ
p
1[Φ±n]
k. (13)
In the spherical geometry the wave function in Eq. (13)
occurs at flux25:
2Q = p(N − 1)± k (N − n
2)
n
=
pn± k
n
N ∓ kn− p, (14)
corresponding to the filling factor ν = n/(pn± k) and a
shift S = p ± kn. We have the following four cases to
consider for the symmetry of the wave function:
• p odd and k odd : wave function is symmetric and
represents a state of bosons
• p odd and k even: wave function is anti-symmetric
and represents a state of fermions
• p even and k odd : wave function is anti-symmetric
and represents a state of fermions
• p even and k even: wave function is symmetric and
represents a state of bosons
For even p and k = 1 these wave functions form the
series of composite fermion states20,25, at ν = n/(pn ±
1). The symmetry (bosonic or fermionic) of any of these
wave functions can be changed by adding a Pfaffian or an
anti-Pfaffian factor, and the anti-Pfaffian in turn could
appropriately be represented by a parton wave function
using our construction. With the Pfaffian factor, the k =
1 and p = 3 series gives Bonderson-Slingerland states58.
The properties of other members of this family, including
extensions to multicomponent systems (involving spin,
valley, or orbital indices) remain to be explored.
6V. DISCUSSION
In this work we have introduced a parton wave func-
tion, denoted by Ψ2¯2¯1111/2 , describing a FQH state in a
half-filled Landau level that lies in the same phase as the
anti-Pfaffian state. For the system sizes we could study,
the overlap of Ψ2¯2¯1111/2 with the numerically-exact ground
state is slightly better than the corresponding overlap of
ΨaPf1/2 with the exact ground state. In contrast to the anti-
Pfaffian wave function, for which no simple expression is
known in first quantized form, the Ψ2¯2¯1111/2 wave function
is straightforward to evaluate. Thus the parton ansatz
enables numerical studies of the anti-Pfaffian phase on
much bigger systems than were possible previously. Fur-
thermore, the large system sizes accessible may make it
possible to do a Berry phase calculation to demonstrate
non-Abelian braiding statistics of the exotic quasiparti-
cles hosted by this state.
As a proof of concept, we demonstrated the utility
of the parton ansatz by computing the pair correlation
function and the static structure factor for a relatively
large system, containing 100 electrons on the sphere.
Looking ahead, the Ψ2¯2¯1111/2 ansatz could be used, for
example, to obtain the real-space entanglement spec-
trum59,60 of the anti-Pfaffian phase for a large system.
Another application is to use the parton state to fix the
phase of the anti-Pfaffian state in a fixed-phase diffu-
sion Monte Carlo (DMC) calculation61–63. Such a calcu-
lation would allow one to determine whether the Pfaf-
fian or anti-Pfaffian state is preferred in the presence
of LL mixing40,64–72, in the thermodynamic limit. It
will be interesting to explore whether other unexplained,
experimentally-observed FQH states can be described by
the general family of parton states.
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Appendix A: Particle-hole symmetric Pfaffian
A half-filled state which is particle-hole symmetric
must occur at flux 2Q = 2N−1 (on the sphere), and carry
a thermal Hall conductance of κxy = 1/2 (pi
2k2BT/(3h)).
Recent experiments measuring the thermal Hall conduc-
tance at ν = 5/2 are consistent with this value43. The fol-
lowing candidate wave function for such a state, dubbed
the particle-hole symmetric Pfaffian (PH-Pf), has been
proposed44,73:
ΨPH-Pf1/2 = PLLL
[
Pf
(
1
zi − zj
)]∗∏
i<j
(zi − zj)2. (A1)
This state has a high overlap with its particle-hole con-
jugate, but a low overlap with the lowest energy L = 0
state obtained by exact diagonalization using the second
LL Coulomb pseudopotential (see Table II). For the ideal
second LL Coulomb pseudopotentials the ground state at
2Q = 2N − 1 does not always have L = 0 for different
numbers of particles, N (see entries indicated by daggers
in Table II). Hence it is unlikely that the state will re-
main gapped in the thermodynamic limit (see main text).
However, it is possible that effects such as Landau level
mixing, disorder74–76, and finite width corrections may
stabilize a gap at this flux value44. Recently, Simon77
has proposed that the thermal Hall measurements would
be consistent with the anti-Pfaffian if its Majorana edge
mode does not thermally equilibrate with the bosonic
edge modes.
We observe that the overlap of ΨPH-Pf1/2 with the lowest
energy L = 0 state of the lowest LL Coulomb interac-
tion is fairly good (see Table II); we speculate that this
could possibly describe a particle-hole symmetric pairing
instability of the composite fermion Fermi sea.
We mention here that Jolicoeur78 constructed a wave
function which differs from the state shown in Eq. (A1)
by a factor of
∏
i<j |zi − zj |2 before projection. We have
checked using the Monte Carlo method that after pro-
jection, for small values of N ≤ 10, these two states
have high overlap with each other indicating that they
are similar in nature79. For N = 12 electrons the overlap
between these two states was found to be 0.993 by Mish-
mash et al.80. A state consisting of alternating stripes
of Pfaffian and anti-Pfaffian has also been put forth as a
viable candidate state for ν = 5/281.
1. Model interactions to search for the
particle-hole symmetric Pfaffian state at ν = 1/2
As mentioned above, for the second Landau level
Coulomb pseudopotentials, our results indicate that it
is likely that the ground state at the particle-hole sym-
metric flux, 2Q = 2N − 1, will become gapless in the
thermodynamic limit. We investigate a wider set of two-
body pseudopotentials, and ask if any of them give rise
to a uniform ground state at this flux. Since the wave
function of Eq. (A1) is particle-hole symmetric to a very
high degree, it is at least feasible that it may be realized
as the ground state of a simple two-body interaction po-
tential. For this purpose we have considered two kinds
of interactions which will be described below.
7N 2Q |〈CphΨPH-Pf1/2 |ΨPH-Pf1/2 〉| |〈Ψ1LL1/2 |ΨPH-Pf1/2 〉| |〈Ψ0LL1/2 |ΨPH-Pf1/2 〉|
6 11 0.999(1) 0.001(1) 0.990(1)
8 15 0.999(1) 0.002(1) 0.975(1)†
10 19 0.998(5) 0.002(1)† 0.938(6)†
TABLE II. Overlaps of the PH-Pfaffian trial state ΨPH-Pf1/2 ,
Eq. (A1), with its particle-hole conjugate (CphΨPH-Pf1/2 ), as
well as the lowest energy L = 0 states found by exact di-
agonalization using the Coulomb pseudopotentials for the
second Landau level (Ψ1LL1/2 ) and the lowest Landau level
(Ψ0LL1/2 ). Daggers indicate cases where the ground state does
not have L = 0. The projection to the lowest Landau
level is carried out by calculating the overlap of the state[
Pf
(
[zi − zj ]−1
)]∗∏
i<j(zi − zj)2 with each basis function in
the lowest Landau level using the Monte Carlo method of
Ref. 33. Statistical errors are reported in parentheses.
a. Generic pairwise interactions with non-negative,
nonvanishing values only for V1, V3 and V5
We consider a set of model Hamiltonians with pairwise
interactions of the form:
H =
∑
i<j
∑
m
Pi,jm Vm, (A2)
where Pi,jm projects onto the subspace of two electrons,
i and j, with relative angular momentum m, and Vm is
the interaction energy in the relative angular momentum
m channel. We limit our search to Hamiltonians with
Vm = 0 for m > 5.
The overall scale of the pseudopotentials is irrelevant
for determining the nature of the ground state wave
function. (The energies and gaps do, of course, depend
on the scale.) We therefore choose the normalization
V1 + V3 + V5 = 1. This choice then leaves only two inde-
pendent parameters for the model interaction, and allows
us to show results in a convenient form using a set of tri-
angular maps. A given point on or inside the triangle
corresponds to a particular ratio between V1, V3, and V5.
It is easiest to visualize the triangle as made up of the
following three regions:
• each vertex of the triangle corresponds to a single
positive pseudopotential: V1 = 1 (bottom left ver-
tex), V3 = 1 (bottom right vertex) and V5 = 1 (top
vertex).
• each edge of the triangle corresponds to two posi-
tive pseudopotentials Vm1 = V , Vm2 = 1− V with
0 ≤ V ≤ 1.
• each point inside the triangle corresponds to all
three pseudopotentials being non-zero, with the
size of a particular pseudopotential proportional
to the distance from its respective vertex, in par-
ticular the centroid of the triangle has the values
(V1, V3, V5) = (1/3, 1/3, 1/3).
The region outside of the triangle is not of our interest
since it has at least one negative pseudopotential.
In Fig. 3 we show plots of the ground state total orbital
angular momentum L (we only distinguish if the state has
L = 0 or L > 0, where the latter is a heuristic indica-
tor of gaplessness in the thermodynamic limit), and the
overlap with the candidate PH-Pf state at the particle-
hole symmetric flux for different numbers of electrons.
We do not find any region of parameter space where the
ground state consistently occurs at L = 0 for all system
sizes. Furthermore, in the region where the ground state
is uniform for a particular N (and hence could be com-
patible with maintaining a gap in the thermodynamic
limit), we do not find a high overlap between the PH-Pf
state and the ground state of the model interaction, for
all system sizes.
b. Interactions perturbed around the lowest and second
Landau level Coulomb points
We now consider interactions that are perturbed
around the lowest and second Landau level Coulomb
points. These interactions are more realistic than the
ones considered in the previous section. We perturb the
short-range part of the Coulomb interaction by chang-
ing the values of V1 and V3 to V
Coulomb
1 + δV1 and
V Coulomb3 + δV3 respectively.
In Fig. 4 (Fig. 5) we show plots of the ground state
total orbital angular momentum L, and the overlap with
the candidate PH-Pf state at the particle-hole symmet-
ric flux for different numbers of electrons for an interac-
tion that is perturbed around the second (lowest) Landau
level Coulomb point. Similar to our observations above,
we do not find any region of parameter space where the
ground state consistently occurs at L = 0 for all sys-
tem sizes. Furthermore, in the region where the ground
state is uniform for a particular N (and hence could be
compatible with maintaining an energy gap in the ther-
modynamic limit), we do not find a high overlap between
the PH-Pf state and the ground state of the model in-
teraction, consistently across all system sizes. These re-
sults suggest that even though the particle-hole symmet-
ric Pfaffian trial state has a high overlap with its hole
conjugate partner, it may not be realized as the ground
state of a simple two-body interaction.
Appendix B: Additional details for topological order
of Φ22
Here we briefly provide some additional details for
reading off the topological order of the state Φ22. As
discussed in the main text, this state arises from a par-
ton construction b = f4f5, where f4 and f5 each form
a ν = 2 IQH state. This parton mean-field ansatz
has an SU(2) gauge symmetry, as any transformation
(f4, f5)
T →W (f4, f5)T, with W ∈ SU(2), keeps b invari-
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FIG. 3. (color online) The ground state orbital angular momentum, L, obtained in the spherical geometry using exact diagonal-
ization at the particle-hole symmetric Pfaffian flux for a model interaction (see Sec. A 1 a for a description of the interaction).
Regions of parameter space where the ground state is uniform (i.e., has L = 0), and therefore compatible with maintaining a
finite energy gap in the thermodynamic limit, are indicated in dark blue shade. In the right panels of the top two rows we
show the overlaps of the particle-hole symmetric Pfaffian trial state PLLL[Pf]∗J2 = PLLL
[
Pf
({(zi − zj)−1})]∗∏i<j(zi − zj)2
with the ground state of the model interaction, for N = 8 and N = 10 particles.
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FIG. 4. (color online) The ground state orbital angular momentum, L, obtained in the spherical geometry using exact di-
agonalization at the particle-hole symmetric Pfaffian flux for a model interaction (see Sec. A 1 b for a description of the
interaction). Regions of parameter space where the ground state is uniform (i.e., has L = 0), and is therefore compatible
with maintaining a finite energy gap in the thermodynamic limit, are indicated in dark blue shade. By perturbing V1 and
V3 around the second Landau level Coulomb point (white dot in the center), we seek conditions where the PH-Pf state is
stabilized. In the right panel of the top two rows we show the overlap of the particle-hole symmetric Pfaffian trial state
PLLL[Pf]∗J2 = PLLL
[
Pf
({(zi − zj)−1})]∗∏i<j(zi − zj)2 with the ground state of the model interaction. In all cases, the
PH-Pf does not appear to describe the ground state well.
ant. The bulk effective theory can therefore be written
in terms of an SU(2) gauge field A, coupled to fermions
f4 and f5. Integrating out f4 and f5 gives an SU(2)2
Chern-Simons (CS) theory. The quasiparticles in this
theory correspond to the particle / hole excitations in the
mean-field IQH states, which are dressed by an SU(2)2
CS gauge field. The flux attachment due to the CS term
converts these excitations to anyons, whose non-Abelian
fusion rules can be read off from the known properties of
the SU(2)2 CS theory. These are known to coincide with
fusion rules of the Ising topological quantum field theory.
Reading off the central charge is more delicate and
is most clearly done by considering the boundary the-
ory. The boundary theory for the mean-field state con-
tains four chiral complex fermions, coming from the two
ν = 2 IQH states. These four fermions can be bosonized
using non-Abelian bosonization, to give a U(4)1 Wess-
Zumino-Witten theory82. However, not all of these de-
grees of freedom are physical; the physical degrees of
freedom correspond to projecting out any fluctuations
that are not invariant under the SU(2) transformations.
This can formally be performed using the coset con-
struction82. It follows that the boundary theory is a
U(4)1/SU(2)2 coset theory. The central charge of this
theory is c = cU(4)1 − cSU(2)2 = 4− 3/2 = 5/2.
In summary, the state Φ22 describes a topological phase
of bosons with central charge c = 5/2 and Ising fusion
rules. The complex conjugate, [Φ22]
∗, has reversed chi-
rality and therefore describes a topological phase with
central charge c = −5/2.
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